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DECLARATION OF RICH BURTELL ON THE
NON-NAVIGABILITY OF THE VERDE RIVER

AT AND PRIOR TO STATEHOOD

I. INTRODUCTION AND SUMMARY OF OPINIONS

1. I am a Registered Geologist (AZ No. 33746) and Principal at Plateau
Resources, LLC (Plateau) with degrees in hydrology and geology.

2. Before founding Plateau, I worked at the Arizona Department of Water
Resources (ADWR) for twelve years. At ADWR I was manager of the Adjudications
Section and, as manager of that section, was frequently involved in evaluating the nature
and occurrence of surface water in Arizona streams.

3. My education, experience, and expertise are detailed in my Curriculum
Vitae, included as Attachment A.

4. I have been asked by Freeport Minerals Corporation (Freeport) to evaluate
the navigability of the Verde River at and prior to statehood. This declaration provides
supplemental evidence in a case currently before the Arizona Navigable Stream
Adjudication Commission (ANSAC). On October 22, 2012, ANSAC voted to reopen the
record for receiving evidence on six remanded cases. These cases address the
navigability of the Gila River, San Pedro River, Santa Cruz River, Lower Salt River,
Upper Salt River and the Verde River.

5. In evaluating the navigability of the Verde River, I am mindful that
ANSAC intends to receive, review, and consider evidence on two issues: (a) the
navigability or non-navigability of the Verde River in its “ordinary and natural condition”
prior to the State of Arizona’s admission to the United States on February 14, 1912,
consistent with the Arizona Court of Appeals decision in State v. Arizona Navigable
Stream Adjudication Comm’n, 224 Ariz. 230, 229 P.3d 242 (App. 2010)a; and (b)
segmentation of the Verde River consistent with the United States Supreme Court’s
decision in PPL Montana, LLC v. Montana, 556 U.S. ___, 132 S.Ct. 1215 (2012).

6. In preparing this declaration, I reviewed: (a) the evidence compiled from
ANSAC’s first Verde hearing (Hearing No. 04-009-NAV); (b) ANSAC’s March 24,
2008 document Report, Findings and Determination Regarding the Navigability of the
Verde River from Its Headwaters to the Confluence with the Salt River; (c) legal
memoranda filed in 2012 by various parties regarding the Verde River and posted on
ANSAC’s website (www.ansac.az.gov); (d) authorities cited in those legal memoranda;
and, (e) evidence regarding the Verde River submitted to ANSAC in 2014. If additional
information becomes available, I reserve the right to revise or supplement my opinions.

7. My declaration is organized into nine sections – Introduction and
Summary of Opinions (Section I), River Segmentation (Section II), Boating (Section III),
Historic Accounts and Early Government Assessments of Navigability (Section IV),
Early Transportation Needs (Section V), Natural Impediments to Navigability (Section
VI), Stream Discharge Reconstruction (Section VII), River Depth Reconstruction

a
The Arizona Court of Appeals characterized ordinary flow conditions as “usual, absent major flooding or

drought” and natural flow conditions as “without man-made dams, canals or other diversions.”
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(Section VIII) and Conclusions (Section IX). References cited herein follow the last
section. A map showing the Verde River watershed and important geographic and
cultural features is presented in Figure 1.

8. After this introduction and summary of opinions, I discuss in Section II
how the Arizona State Land Department (ASLD) recommends dividing the Verde River
into five segments for purposes of determining its navigability. Section III presents pre-
historic, historic and recent attempts to boat these river segments. Despite a clear need to
utilize the river for trade and travel, only a few historic accounts of ferry crossings and
outdoor enthusiasts floating down the stream were identified, as well as recent use by
recreational boaters.

9. Section IV describes how the river appeared to early travelers. Prior to
development and under ordinary conditions, travelers along the river observed a
relatively shallow stream characterized by both rapids and wide lagoons. This section
also describes early government assessments of navigability which confirm that the
Verde River was not susceptible to navigation.

10. The transportation needs of the first Anglos in the region are discussed
next in Section V, and it is found that the Verde River was not utilized for trade or travel
even though the need existed for both the military and settlers. In Section VI, I present
three natural impediments to navigating the Verde River which are consistent with this
lack of use – beaver dams, rapids, and shallow water.

11. To further assess how the river looked in its ordinary and natural
condition, Sections VII and VIII reconstruct the flow and depth at several points along
the Verde River. Flows are reconstructed using an accounting procedure that adjusts
gaged records for upstream diversions. Stream depths are reconstructed using these
adjusted flows and hydraulic rating curves based on field discharge measurements. The
results show that the stream was too shallow to support commercial navigation.

12. Based on my review of existing information and the supplemental
evidence presented here, I conclude in Section IX that the Verde River was neither
actually navigable nor susceptible to navigation in its ordinary and natural condition at
and prior to statehood. I also conclude that if Verde River is divided into segments, as
recommended by ASLD, none of the segments would have been navigable at that time.

II. RIVER SEGMENTATION

13. The Court in PPL Montana found that practical considerations support the
segmentation of rivers when determining navigability:

“Physical conditions that affect navigability often vary significantly over
the length of a river. This is particularly true with longer rivers, which can
transverse vastly different terrain and the flow of which can be affected by
varying local climates…These shifts in physical conditions provide a
means to determine appropriate start points and end points for the segment
in question. Topographical and geographic indicators may assist.” PPL
Montana v. Montana, 132 S.Ct. 12 (2012)

14. In its June 2012 memorandum on the effects of PPL Montana, ASLD, an
advocate for stream navigability, recommended that ANSAC consider several



Verde River Navigability Determination

Plateau Resources LLC 3 September 2014

segmentation factors including (a) whether the river is located in a canyon or runs
through flats or wide river valleys; (b) the river’s flow rate; (c) the classification of rapids
by degree of difficulty; (d) whether the river is a gaining or losing stream; and (d) the
river’s slope or steepness (pp. 2 and 7).

15. Based on the above factors, ASLD recommended in its June 2012
memorandum that the Verde River be divided into five segments (pp.6-7):

 Segment 1 (Headwaters to Sycamore Creek) – “Extends from Paulden
Dam through steep, rugged canyons with limited but reliable flow.”

 Segment 2 (Sycamore Creek to Beasley Flat) – “River flows through
shallow canyons and wide alluvial valleys through Verde Valley including
communities of Perkinsville [sic], Clarkdale, Cottonwood and Camp
Verde. Major tributaries include Oak, Beaver, and West Clear
Creeks…Some minor rapids.”

 Segment 3 (Beasley Flat to Verde Hot Springs) – “River enters deep,
narrow bedrock canyon with Wild and Scenic designation. Known as the
whitewater reach of the Verde River…”

 Segment 4 (Verde Hot Springs to Horseshoe Reservoir) – “River located
within several U.S. National Forests and two Wilderness areas. Major
tributaries include Fossil Creek and East Verde River. River flows
through shallow canyons and narrow alluvial valleys with small[er]
rapids.”

 Segment 5 (Horseshoe Reservoir to Salt River Confluence) – “River flows
through broader alluvial valleys with some short canyon reaches and few
small rapids. Major tributary is Sycamore Creek.”

16. In its September 2012 memorandum on the navigability of the Upper and
Lower Salt, Gila and Verde Rivers, the Arizona Center for Law in the Public Interest,
another advocate for stream navigability, joined ASLD’s memoranda on these rivers.

17. While my opinion is that no segment of the Verde River was
navigable or susceptible to navigation, I believe that it is useful to divide the Verde
River into segments for purposes of addressing stream characteristics and evaluating
navigability. Figure 2 shows the location of the five river segments proposed by
ASLD and referenced within this declaration. The length and slope of these stream
segments are listed belowb:

Segment Length (miles) Slope (feet/mile)
1 37 21

2 49 13

3 16 20

4 35 18

5 55 13

b
Plateau calculated segment lengths and slopes using historic and current USGS topographic maps.
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III. BOATING

18. This section describes prehistoric, historic and recent efforts to boat the
Verde River. No evidence of prehistoric boating by Native Americans was found.
Eleven historic accounts of boating the Verde River were identified including five
reports of ferrying people and/or materials across the river and four hunting or
trapping trips. The two other historic accounts were likely also recreational. Regarding
recent efforts to boat the river, evidence has been presented to ANSAC on the
recreational use of the river by kayakers, canoeists and rafters, primarily within
Segments 2 through 4.

19. As indicated by the U.S. Supreme Court in PPL Montana, extensive and
continued historical use of a river for commercial purposes is the most persuasive
evidence of navigability. As to evidence of present-day boat use, the Court noted that
it:

“may be considered to the extent it informs the historical determination
whether the river segment was susceptible of use for commercial
navigation at the time of statehood. For the susceptibility analysis, it
must be determined whether trade and travel could have been conducted
‘in the customary modes of trade and travel on water’ over the relevant
river segment ‘in [its] natural and ordinary condition’…At a minimum,
therefore, the party seeking to use present-day evidence for title
purposes must show…the watercraft are meaningfully similar to those
in customary use for trade and travel at the time of statehood…If
modern watercraft permit navigability where the historical watercraft
would not…then the evidence of present-day use has little or no bearing
on navigability at statehood…Modern recreational fishing boats,
including inflatable rafts and lightweight canoes or kayaks may be able
to navigate waters much more shallow or with rockier beds than the
boats customarily used for trade and travel at statehood.” PPL Montana
v. Montana, 132 S.Ct. 1215, 1233-34 (2012)

20. The fact that the Verde River was not used for commercial navigation
before substantial diversions occurred (see Section V) suggests that the few historic
attempts to float down the river were a novelty by outdoor enthusiasts and not a
reflection of the practical utility of the river for trade and travel. Natural impediments
to navigability (see Section VI), coupled with the results from my undepleted flow
analysis (see Sections VII and VIII), further support the conclusion that the river in its
ordinary and natural condition was not suitable for commercial boat travel. Recent and
current use of segments of the Verde River by recreational boaters does not, in my
opinion, change this conclusion since the modern, low draft boats now in use are not
“meaningfully similar to those in customary use for trade and travel at the time of
statehood.” (PPL Montana, 132 S. Ct. at 1233).

A. Prehistoric

21. According to Fuller (2003, p.2-14) “The (Verde) river provided water
for irrigation and has been a communication and trade route among various cultures
since prehistoric times, although no evidence of prehistoric boating has been
documented.”
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B. Historic

22. Table 1 summarizes eleven historic accounts of boating along the Verde
River. Included in this table is the month and year of the account, the type of boat used
and its length, the boat’s cargo and number of passengers, the purpose and direction of
the trip, and the associated ASLD river segment(s).

23. The earliest account of boating the Verde River is from 1868 and
involved troops from Camp McDowell ferrying their supplies across the river during a
period of high flow. Four other accounts of ferrying people or materials across the
river occurred in 1878, 1887, 1891 and 1899. Between 1888 and 1931, two hunting
and two trapping trips were also reported along the Verde River. Small boats were
utilized in at least three of these accounts.

24. Another Verde River boating trip was reported in 1883 by two men
from Fort McDowell in a canvas skiff. The purpose of the 18-hour trip to Phoenix is
unknown although it was likely recreational. A newspaper reported that the trip
“would have been thoroughly pleasant, had rain not fell upon them, during the night in
which they camped out.” A further account was reported by two newspapers in 1905
regarding plans by Jerome business men to “cruise” the Verde River from the Verde
Valley to Phoenix. However, no articles were found that this trip, which appears to
have been recreational, was ever made.

25. Taken together, these historic accounts do not demonstrate that the
Verde River was reliably used, or susceptible to use, for trade or travel prior to
statehood. Most of the accounts either involved using boats to cross the river or were
downstream recreational floats. There is simply no evidence of extensive or continued
use of the river at that time for commercial purposes.

C. Modern

26. Modern accounts of boating the Verde River are summarized by Fuller
(2003, pp.8-4 and 8-5) and further documented by ASLD in recent supplemental
evidence. The purpose of these trips was (and continues to be) recreational. Most trips
occur in the winter and spring and utilize canoes, kayaks and inflatable rafts.

27. In his A Floater’s Guide to the Verde River, Williams (1996) provides a
detailed description of boating the full length of the river and its associated hazards.
For reference, a copy of his river descriptions is presented in Attachment B. The
Verde River certainly offers a unique opportunity for modern recreational boaters.
However, some of the very features that make it attractive for recreational use
(remoteness, rapids and shallow, rocky channels) would have made the Verde River
unsuitable as a highway of commerce at and or before statehood.

IV. HISTORIC ACCOUNTS AND EARLY GOVERNMENT ASSESSMENTS OF
NAVIGABILITY

28. In this section of my declaration, I describe streamflow conditions
observed by early travelers and residents along the Verde River before significant
settlement in the area and before substantial diversions for irrigation began. Also
described are early assessments by government officials that concluded that all or
portions of the Verde River were not navigable. Taken together, this information
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indicates that, prior to significant development, the Verde River was a shallow stream
easily crossed by horse or mule and characterized by both rapids and lagoons. The river
was at times deeper and more difficult to cross, but usually only following storm events
and/or during spring snowmelt. These findings support the conclusion that the Verde
River was not navigable in its ordinary and natural condition prior to statehood.

29. As indicated in Table 2, above Fort McDowell, irrigation by Anglo
settlers along and near the Verde River increased from about 200 acres in 1864 to
nearly 4,000 acres by 1883. Water to irrigate these lands was diverted from the
Verde River and its tributaries, notably Beaver, Clear, and Oak creeks. Based on data
from Hancock (1914, p.32), Hayden (1940, p.9) and Ross (2010, pp.121-127), I
estimate that these diversions initially depleted about 4 cubic feet per second (cfs)
from the Verde River and, by 1883, the depletions had probably increased to nearly
80 cfs. As discussed further in Section VII, it is unlikely that even this level of
stream depletion would have substantially changed the depth of the stream and
impacted its susceptibility to navigation.

A. Accounts

30. In May 1854, ten years before Anglos began to settle the area, trapper
Antoine Leroux travelled up the Verde River from its confluence with the Salt River
(Segment 5) to the upper Verde Valley (Segment 2). According to his journal, he
followed a “road” along the river, probably an Indian trail, for a week before turning
up a tributary to reach the Little Colorado River. The portion of Leroux’s journal
describing his Verde River trip was reproduced by Lieutenant A.W. Whipple.
According to Whipple (1855, pp.14-15), Leroux “represents [the] Rio Verde as a fine
large stream; in some cases rapid and deep, in others spread out into wide lagoons.”
On May 19th, two to three days after starting up the Verde, he indicated that his
group “was obliged to ford the river about ten times.” The relevant section of
Whipple’s report is provided in Attachment C.

31. From late February through early March 1864, Joseph Pratt Allyn,
associate judge of the Arizona Territory, travelled up and then down the Verde River
by mule with a group of civilians and troops. Following are his descriptions of the
river as he recorded in three letters (Allyn, 1974, pp.80-101):

a) near the confluence with Gap or Chasm Creek – “The Verde here is a
fine rushing stream, some fifty yards wide, and not fordable; it is
dammed just below with some drift wood. We have struck the river in
the canon between the upper and lower valleys, and it will be difficult
to get out.” (ASLD Segment 3)

b) between Gap or Chasm Creek and near Oak Creek – “The terrible
floods of two or three years ago have furrowed this valley with
channels, paved it with smooth round stones, and strewn it with drift
wood. The volume of water must have been immense, the stream there
perhaps a mile wide.” (ASLD Segment 2 or 3)

c) near Oak Creek – “The general characteristics of the valley are
similar to those of the Rio Grande and there is nearly as much water
in the river as there was in that stream when I first struck it coming
from Santa Fe. With irrigation, it would yield as the Rio Grande
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does.”c (Segment 2)

d) near Montezuma Castle – “On the 29th of February we crossed the
river and travelled down the east bank of the trail leading under the
shadow of the white, chalky-looking lava bluffs that form the wall of
the Mesa above…” (Segment 2)

e) south of Montezuma Castle – “Next day we started east, passing over
a smooth bench of the valley that might easily be reached and
irrigated by an acequia from farther up the stream, which is a rapid
one, and would furnish considerable water power. (Segment 2)

f) below the East Verde River – “Next day we made the Rio Verde; the
trail much better than yesterday…We followed down the stream three
days, crossing and recrossing the river.” (Segment 4)

g) near present day Fort McDowell – “On March 11th we parted
company, the Governor and entire party starting for the post (Fort
Whipple), Mr. Smith and myself going toward the Gila.” (Segment 5)

32. Allyn’s journey along the Verde River occurred during the high flow
season and in the year when Anglo settlers first began to irrigate lands in the Verde
Valley. He never mentions the use of boats during his trip or the suitability of this
river for navigation. A copy of Allyn’s letters is included in Attachment C.

33. In July 1870, Captain G.B. Sanford, commander at Fort McDowell,
reported that:

“A Government farm containing about 150 acres cleared land, with an
acequia four miles long, is under cultivation. It is leased by the
Government one year at a time…The Rio Verde is generally fordable,
during the freshets it is unfordable; it is never dry.” (U.S. War
Department, 1872, pp.74-75).

34. On September 25, 1875, the Weekly Journal-Miner, a newspaper
published in Prescott, ran a story in response to questions that it had received
regarding Yavapai County. The following quote from the paper was reproduced by
Littlefield (2014, p.98):

“Our mountains contain fine, clear gravel-bottomed streams and lakes,
valleys of great beauty and varying in length and width spread out in
every direction among the mountains. The San Francisco or Verde
River and the Colorado Chiquito (Little Colorado or Flax River)
together with the Great Colorado with its wonderful Canon, are the
most important rivers of Yavapai, but there is no navigable water in
the county; all freight is moved by large trains of pack mules or heavy

c
Pratt (1974, pp.19-20) followed the Rio Grande River between Santa Fe and Albuquerque during

December 1863 and January 1864. The U.S. Supreme Court in United States v. Rio Grande Dam &
Irrigation Co. found that the Rio Grande in New Mexico “is not a stream over which, in its ordinary and
natural condition, trade and travel can be conducted…[i]ts use for any purposes of transportation has been
and is exceptional, and only in times of temporary high water.”
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wagons drawn by from four to twenty mules to the wagon.” [emphasis
added]

By the time this article was written, an estimated 50 cfs was being depleted from the
Verde River through irrigation.

B. Government Assessments

35. In a December 1865 memorial, the legislature of the Arizona Territory
asked Congress for an appropriation to improve the navigability of the Colorado River.
As stated in their memorial:

“…the Colorado River is the only navigable water in this Territory; that
it is navigable, in high stages of water, five hundred miles; that by the
expenditure of a small amount of money, it may be rendered navigable
much higher up. That portion of the river between Fort Yuma and Fort
Mohave has a changeable channel and is obstructed by boulders, snags,
and sand bars rendering the navigation difficult and dangerous; that the
removal of said obstructions would greatly facilitate the navigation of
this part of the river…that if navigation of said river is improved it will
accommodate the General Government and greatly increase and hasten
the development of vast mineral other resources of this Territory.”
(Territory of Arizona, 1866, p.77) [emphasis added]

Although written at a time of little irrigation (about 500 acres) along the Verde River
and when the territorial capital was located in nearby Prescott, the memorial makes no
mention of the Verde River.

36. In the 1870s, the General Land Office completed several cadastral
surveys along the Verde River before depletions from irrigation diversions were
significant (see Table 2). The location and dates of the surveys are listed below:

Segment 1d

 Township 17 North, Range 1 West (September 1883)

 Township 18 North, Range 1 West (September 1883)

Segment 2

 Township 13 North, Range 5 East (December 1873)

 Township 14 North, Range 4 East (April 1877)

 Township 15 North, Range 3 East (April 1877)

d
Although Table 2 indicates that irrigation was depleting an estimated 77 cfs from the Verde River above

Fort McDowell by 1883, much less was being depleted above and within Segment 1 at this time. Table 6
shows that, by 1914, diversions from Del Rio Springs and along Granite Creek and the Verde River above
Sycamore Creek only totaled about 8 cfs.
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 Township 15 North, Range 4 East (April 1877)

 Township 16 North, Range 3 East (May 1877).

Review of the survey plats and accompanying field notes shows that both banks of the
Verde River were not meandered during any of these surveys. This is important since,
as explained by Littlefield (2014, pp.19-21), surveyors at that time were instructed to
meander both banks of rivers that they believed were navigable.

37. None of the government assessments described determined that the river
was susceptible to navigation. These assessments, combined with the historic accounts,
demonstrate that the Verde River was not susceptible to navigation in its ordinary and
natural condition prior to statehood.

V. EARLY TRANSPORTATION NEEDS

38. The first Anglos to occupy the Verde River watershed were military and
settlers in the Verde Valley and near Prescott. Although both required a ready means of
transporting people and goods through the area, neither the military nor the settlers
utilized the Verde River for that purpose, further indicating that the river was not
navigable. This section of my declaration describes the early transporation needs of the
region and how roads and trails were used to meet those needs, even before irrigation
diversions had substantially impacted river flows.

39. By the mid to late 1860s, four military camps were established on or near
the Verde River, farming settlements had begun in the Verde Valley, and Prescott had
been named the capital of the territory.e With this level of early development, it is
difficult to explain how military personnel, farmers, and townspeople all failed to use the
Verde River as a highway for commerce if it were susceptible to commercial navigation.

A. Military

40. When the first Anglos settled the Verde Valley in the 1860s, four military
posts were located on or near the Verde River (Brandes, 1960, pp.53, 61, 70, and 75-77):

 Camp Clark/Fort Whipple – established December 1863 at Del Rio
Springs and then moved about 1 mile northeast of Prescott along
Granite Creek in May 1864;

 Camp Lincoln/Camp Verde – established January 1864 along the
Verde River near the confluence with Beaver Creek;

 Camp/Fort McDowell – established September 1865 along the Verde
River about 7 miles above the Salt River confluence; and

 Camp Reno – established October 1867 northeast of Ft. McDowell in
Meadow Valley.

e
Prescott was the territorial capital from 1863 to 1867 and from 1877 to 1889 (Granger, 1983, p.500). By

the mid-1870s, Hodge (1877, p.143) estimated that the populations of Prescott and Phoenix had grown to
3,800 and 500, respectively.
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41. As early as April 1866, the military began to assess communications
between Fort Whipple and Fort McDowell. As noted in the Arizona Miner, a Prescott
paper:

“Captain John. H. Coster of General McDowell’s staff, who came here
with the General, has been staying at Fort McDowell, and last week
arrived in Prescott via Agua Frio [sic] and Woolsey’s ranch, by which
route he came to see if a direct wagon road could be had from McDowell
to Prescott. He thinks the country impracticable, although a direct and
good road may be had to Wickenburg.” (Hanchett, 1998, p.129)

42. Figure 3 is an 1866 map of Arizona showing the location of the two forts
and the wagon roads that connected them. The map also shows the location of the Verde
River. Certainly if the Verde had been a practical and reliable means of transportation at
this time, the military would have utilized it rather than following the much longer route
through Wickenburg.

43. In January 1868, Quartermaster C.C.C. Carr of Camp McDowell was
ordered to locate a wagon route between his post and Camp Lincoln. The expedition,
which occurred during a period of high flow on the Verde River and involved two
attempts to cross the river on a raft, is described by Schreier (1987). A copy of Schreier’s
manuscript is presented in Attachment D and includes a map of Carr’s expedition. As
concluded by Schreier (1987, p.7):

“…Carr’s lengthy expedition yeilded [sic] no immediate results. True,
new country was described, explored, and mapped…but Carr, like Captain
Sanford’s expedition before him, failed to locate a practicable wagon route
between Camp McDowell and Camp Lincoln. The men and the horses
recovered at Camp Lincoln for three weeks. They returned to Camp
McDowell on February 26, 1868.”

If the Verde River had been navigable at this time, it would have provided the most direct
route between the camps which were both located along the river.

44. A similar military expedition took place in April 1869. This time, Major
D.R. Clendenin of Fort Whipple led a group of 25 men and two wagons to locate a
wagon road between his post and Fort McDowell. A copy of Clendenin’s field report is
included in Attachment D. It describes a proposed route that would generally follow the
Agua Fria River and cross the Verde River at least twice. As noted in Table 2, by 1869,
irrigation is estimated to have only depleted about 30 cfs of flow in the Verde River
above Fort McDowell.

45. During the early 1870s, the military succeeded in constructing a more
direct route between Fort Whipple and Camp McDowell, as well as a side road to Camp
Verde. This route generally became known as Stoneman’s Road and its location is shown
on an 1876 map of Arizona in Figure 4. Colonel Stoneman, military commander of the
Arizona Territory at the time, travelled the new road between the two posts in October
1870 and was accompanied by journalist J.M. Marion, who recorded the trip. A copy of
Marion’s notes is provided in Attachment D which recount the difficulty of their
journey. An alternative means of transportation between the posts, like the Verde River,
was clearly not available and, as noted later that month by Stoneman:

“A very large amount of labor has also been expended during the past
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summer by the troops stationed at Camps Verde, Thomas, McDowell and
Whipple, in the construction of wagon-roads, and opening up avenues of
communication in the Territory…It is thought the means of transportation
now on hand will suffice for the next twelve months; it certainly will with
the foregoing recommendations…The failure to connect [via mail] due to
bad roads and poor stock is a frequent and frustrated source of
inconvenience. It is suggested that there be three [mail] routes
established…the third or cross route leaving the northern or Santa Fe route
at Prescott and connecting at Maricopa Wells with the southern route, via
Agua Fria, Camp McDowell and Phenix [sic]. (Arizona Weekly Citizen,
1871)

46. A few months earlier, in July 1870, Captain G.B. Sanford, commanding
officer at Camp McDowell, reported that “communication between [the] post and nearest
town [of Phoenix] is by wagon.” (U.S. War Department, 1872, pp.74-75) Based on this
and the foregoing discussion, the Verde River was not considered a viable means of
transportation, either above or below Camp McDowell.

47. The need to improve Stoneman’s road was noted in an 1874 annual report
by General George Crook, who succeeded Colonel Stoneman.f Crook stated that “An
appropriation is asked for to build good roads from Camp McDowell, near the center of
Arizona, to Prescott, and to Camp Verde.” (Arizona Weekly Citizen, 1874) In early 1875,
the U.S. Senate and House of Representatives appropriated $15,000 for “construction of
military roads in the Territory of Arizona, as follows, namely: From Fort Whipple to
Camp McDowell, with a branch to Camp Verde…” (Arizona Sentinel, 1875).
Attachment D includes a copy of a July 1875 report by Lieutenant E.D. Thomas that
describes where and how the aforementioned roads were to be improved. By the time this
engineering report was written, an estimated 50 cfs of flow was being depleted from the
Verde River by irrigation above Camp McDowell.

48. About the same time that the military was improving Stoneman’s Road,
Hinton (1878, p.xxviii) reported that a new, 90-mile road along the east side of the Verde
River had been completed between Camps Reno and Verde. Figure 4 also shows the
location of this early road. Had the Verde River been navigable, much of this road, which
parallels the river, would have been unnecessary.

B. Settlers

49. The need for practical and reliable transportation near the Verde River
was not limited to the military. According to Hanchett (1998, pp.63 and 133-134), a
stage line that carried passengers and mail between Prescott and Maricopa Wells had
begun in August 1868. As shown in Figures 3 and 4, had the Verde, Salt, and Gila
rivers been navigable, these streams would have offered as direct a route between the
two towns as passing overland by stage through Wickenburg.

f
As indicated in his autobiography, Crook (1960) was familiar with the use of inland waterways for

military purposes. He notes trips he made up the Columbia, Klamath and Sacramento rivers by canoe and
steamboat (p.13, 58 and 73), being ambushed by Native Americans who utilized canoes on the Wenatchee
River (p.64), and receiving supplies on the Yellowstone River via steamboat (p.204). As to the Verde
River, he describes a trip made in 1873 from Tucson to Fort Whipple and then to Camp Verde via a
military wagon or “ambulance” (pp.177-180).
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50. A stage line connecting Prescott and Phoenix was eventually established
in 1878. However, by 1873, the need for a more direct freight route between Camp
Verde and the small town of Phoenix had already become a reality. According to
Hanchett (1998, pp.130-131):

“Hellings Flour Mill, from Phoenix, had a large contract with Camp
Verde and its associated Indian Reservation. Transportation of goods all
the way to Prescott over the Wickenburg road and then on to Camp
Verde would be far too expensive. It made a lot of sense to establish a
more direct road through the Black Canyon.”

The Verde River, if it were navigable, would have satisfied this need.

51. In November 1873, the Arizona Miner announced the opening of the
new freight route between Phoenix and Camp Verde:

“The new road from Phoenix in Salt River Valley, to Camp Verde, in
the Rio Verde Valley is completed. The first wagons have made the trip
with great ease. Freight between points above named is 2½ cents per
pound. Cause for congratulation on Salt River and elsewhere. This rules
out New Mexico flour and grain, and gives our farmers and business
men every facility for supplying the red men of the Verde reserve.”
(Rozum, 1989, p.166).

52. Within the Verde Valley, roads were also being used by early settlers
for transportation of goods rather than the river. Naomi Strahan, who arrived in the
area during 1875, recounted that:

“Arriving at our destination my father worked at hauling hay for the
government with an ox team. The hay was cut with heavy hoes and
raked with a hand rake. It was then hauled to Fort Verde where my
father received $90.00 a ton for it. My father then hauled wood on a
contract to Fort Verde from Clear Creek. This occupied most of the
winter.” (Verde Valley Pioneers Association, 1954, pp.55-56).

53. As concluded by Fuller (2003, pp.3-10 and 9-2), “early transportation in
the middle Verde River Valley was typically conducted on horseback, mule train,
wagon, and stage…Overland transportation was often difficult, especially during rainy
periods.” The Verde River was not used, or susceptible to use, as a highway for
commerce.

VI. NATURAL IMPEDIMENTS TO NAVIGATION

54. In the prior three sections of this declaration, I (a) describe the lack of
prehistoric and limited historic boating along the Verde River (Section III); (b) present
historic accounts and early government assessments which indicate that, prior to
significant development, the Verde River was generally shallow with rapids and
lagoons and not considered navigable (Section IV); and (c) demonstrate that the need
for practical and reliable transportation existed in the area before substantial
development of the river began (Section V). In this section, three natural impediments
to navigation are discussed that demonstrate why the Verde River was not actually used,



Verde River Navigability Determination

Plateau Resources LLC 13 September 2014

or susceptible to use, as a highway for commerce in its ordinary and natural condition.
These impediments include beaver dams, rapids, and shallow water.

A. Beaver Dams

55. Table 3 lists several historic accounts of beaver dams along the Verde
River. The accounts reveal that, from the 1860s through the 1880s, beaver dams were
common along Segments 1, 2 and 5 of the river.

56. Beaver dams are still frequent along Segment 1 today. In 2009, Prescott
College Professor Walt Anderson and his students surveyed the population of beavers
on the Verde River from its headwaters to Sycamore Creek. Six active beaver dams
were encountered and, according to Ayers (2010):

“in one stretch, the students discovered a series of 3 dams in succession,
stretching for a mile. The upper dam is minimal. The second dam is
fairly substantial, backing water up to the base of the upper dam. The
lower dam, however, although almost a half mile below the second dam,
zigs and zags for 351 feet across the river channel backing water to
nearly the base of the middle dam.”

Additional information regarding Professor Anderson’s beaver survey is presented in
Attachment E.

57. Given the occurrence of beaver dams along the Verde River both
historically and recently and how quickly beavers can repair their dams following floods,
such conditions would have posed an ongoing impediment to boat travel prior to stream
development. The occurrence of these dams may also explain, at least in part, the lagoons
noted by early travelers and settlers in the region. Removal of beaver from the river
through trapping would eventually have caused the pools formed behind their dams to
drain and locally lowered stream levels.

B. Rapids

58. Williams (1996, pp.iii through 119) identified over 100 rapids along the
Verde River from its headwaters to Horseshoe Reservoir. Table 4 lists the river mile,
name and class of these rapids. From the headwaters to Sycamore Creek (Segment 1),
Williams noted 22 rapids ranging from Class I to Class II. Ten more rapids, typically
Class I+, were encountered between Sycamore Creek and Beasley Flats (Segment 2).
Below Beasley Flats to Verde Hot Springs (Segment 3), he mapped an additional 33
rapids, most between Classes II- and III. Another 36 rapids, mostly class I+ to II+,
were identified from Verde Hot Springs to Horseshoe Reservoir (Segment 4).g

59. Figures 5 and 6 show several ground-level photographs of the Class I
to II rapids that Williams mapped along Segment 1 and the upper reach of Segment 2.
As seen in the photos, these relatively small rapids are characterized by boulder-
choked channels, drops, and turbulent water. All of these conditions pose an
impediment to navigation and the frequency of rapids along the Verde River would
have been more than just a nuisance to commercial boaters before statehood. The

g
Williams identified other, smaller rapids within Segments 3 and 4 but did not specify their class.
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increased frequency and still larger rapids between Beasley Flats and Horseshoe
Reservoir would have posed an even greater impediment to navigation.h

60. When compared to the findings of the Special Master in United States v.
Utah, the frequency and class of rapids encountered along the Verde River above
Horseshoe Dam indicate that these segments of the stream would not be found
navigable in its ordinary and natural condition prior to statehood. United States v.
Utah, 283 U.S. 64, 51 S.Ct. 438 (1931). In the Utah case, the Special Master
determined that the San Juan River was not navigable, a finding that the U.S. Supreme
Court later adopted. Among the factors that the Special Master cited in his report was
the occurrence of rapids and the steep slope of the riverbed:

“The number of difficult rapids, with steep and rapid drops, (whether
that number be 37 as estimated by Miser or 30 as estimated by Allen, or
16 or 12 by Hoyt) make it impossible, in my opinion, for any boat to
navigate safely unless conducted with great caution and by expert
boatmen; and even then boats must ordinarily be “lined” or portaged or
their cargoes portaged at several places. These rapids occur at intervals
throughout the entire stretch of the River. Moreover, the general
gradient or slope of the River bed, viz. an average of 7 feet per mile,
with long stretches of 8 feet per mile, is so steep as to make navigation
difficult and impracticable. Out of the total of 133 miles, there is
practically no stretch of River of any considerable length where the
gradient is less than 5 feet per mile…accompanying such gradients,
there are naturally high velocities, far exceeding the velocities on the
Green, Grande, or Colorado Rivers in the sections involved in this suit.
Such velocities, combined with the narrowness of the River and with the
fact that it flows in many portions through box canyons with no
opportunity to spread out in case of sudden floods, unquestionably make
navigation a matter of hazard to boats and cargoes, even if not to life
and limb (Warren, 1930, pp.180-181).

61. According to Southwest Paddler (2010), the rapids along the 26.5-mile
reach of the San Juan River from Sand Island to Mexican Hat are “run-of-the-mill
Class I to II boulder gardens” and the rapids along the 58-mile reach from Mexican
Hat to Clay Hills Crossing are “mostly Class I and II, with a few class III’s thrown in
for good measure.” The latter reach is considered “one of the nation’s most popular
river trips.”

62. Like the San Juan River, the Verde River is very popular among modern
recreational boaters. It also shares the San Juan’s Class I to III rapids, relatively steep
slopes (see Section II) and narrow canyons. It is my opinion that these factors alone
demonstrate the Verde River is non-navigable under The Daniel Ball standard.

C. Shallow Water

63. Prior to development, the Verde River was a relatively shallow stream,
easily crossed on foot and by horses and mules except during flood events and spring
snowmelt. In the next two sections of my declaration, stream flows and depths are
reconstructed in their ordinary and natural condition at several sites along the river. I

h
The prior evidence log for this case includes numerous photographs of the rapids encountered below

Beasley Flats. For that reason, I have not reproduced additional photographs of these rapids here.
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find that reconstructed mean stream depths at these sites typically remained below 2.0
feet during 75% of the year and would not have been suitable for boats customarily in
use for commerce prior to statehood.

VII. STREAMFLOW RECONSTRUCTION

64. In this section of my declaration I describe how ordinary and natural
streamflow conditions were reconstructed at five USGS gaging stations on the Verde
River. The purpose of reconstructing these streamflows was to further assess how the
river looked prior to the effects of man and determine whether it was susceptible to
navigation in this undisturbed condition. Undepleted streamflows were determined
using an accounting approach that adjusted (increased) gaged flows for upstream
cultural depletions. In the paragraphs that follow, the period that stream flows were
reconstructed is described first, followed by a discussion of the gages used and
upstream diversions and depletions. Results from the analysis are presented next and
then compared to other undepleted flow estimates.

65. I conclude from this analysis that, for 75% of the time, undepleted
streamflows along the Verde River remained (a) below 100 cfs in Segment 1 and the
upper reach of Segment 2; (b) below 500 cfs in Segment 3 and the lower reach of
Segment 2; and, (c) below 600 cfs in Segments 4 and 5. Because the quantities
diverted upstream of the gages and added back to the river to reconstruct flows were
not corrected for the effects from infiltration and evapotranspiration (ET), these values
for undepleted streamflow should be considered an upper estimate. Actual undepleted
flows along the Verde River would have been lower. Results from this analysis are
used in Section VIII to estimate the depth of the reconstructed flows and their
suitability for navigation.

A. Analysis Period

66. Several factors were considered before selecting a flow period to
reconstruct along the Verde River including:

a) Availability of flow and diversion data;

b) Whether runoff conditions during the period were representative of
long-term conditions;

c) Quantity of well pumpage; and

d) Changes in cultural depletions.

Each factor is discussed briefly below. Based on these factors, the period beginning in
the 1910s and ending in 1940 was selected.

67. For the period analyzed, there were at least six or more years of data for
each gaging station and quantification of the major diversions in the area was available
near the beginning and at the end of this period.

68. When reconstructing streamflows it is important to consider whether
runoff during the period analyzed is representative of long-term conditions. In other
words, it should be determined whether the period selected for reconstruction was wet,
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dry or about normal. In characterizing ordinary streamflow conditions, a period of near
normal flows is desirable. Figure 7 shows annual streamflows in the Verde River
below Bartlett Dam reconstructed from 1820 to 1960 using tree rings. Also shown in
this figure is the median annual streamflow at this point on the river based on tree
rings dating back to the year 1330. These data show that, over the period of my flow
reconstruction, about an equal number of years had annual flows above and below the
long-term median. However, the period from 1910 to 1920 was relatively wet with
annual flows typically above this median.i

69. Determining the effects of well pumpage on streamflows can be
complex. An effort was therefore made to reconstruct streamflows when there was
relatively little impact from pumping on Verde River baseflows. To assess this impact,
I reviewed the results from a recent USGS study by Garner and others (2013) which
utilized a regional groundwater flow model to quantity the cultural effects on the
hydrologic system of the Verde Valley from 1910 to 2005. For modeling purposes,
they assumed well pumpage within the Verde Valley above Camp Verde increased
from 2 to 3,370 acre-feet per year between 1910 to 1940 (p.32-33). Results from their
model simulations indicate that this level of pumpage reduced baseflows in the river
above Camp Verde by less than 1 cfs over the period (pp.34-35). Based on these
results, the period selected for streamflow reconstruction was considered unaffected by
well pumpage.

70. The last factor considered when selecting a streamflow period to
reconstruct is changes in cultural depletions. Since periods of record are rarely the
same for all gages and diversion points, it helps when reconstructing flows to select a
time when diversions are relatively stable. Fortunately, the acreage of irrigated lands
in the Verde Valley did not change substantially between 1914 and 1940 based on data
reported by Hayden (1940, p.180-181).

B. Gages

71. Undepleted streamflows were reconstructed at five USGS gages along
the Verde River:

 near Clarkdale (09504000);

 at Camp Verde (09505000);

 near Camp Verde (09506000);

 below East Verde River (09508000); and

 below Bartlett Dam (0951000).

Figure 2 shows the location of the gages. The gages near Clarkdale and at Camp
Verde are located near the upper and lower reaches of Segment 2, respectively. The

i
Meko and Hirschboek (2008) reconstructed their streamflows by first correlating recent tree ring widths to

the quantity of flow measured at nearby USGS gaging stations. This correlation and older tree ring data
were then used to estimate flow conditions before data were available from the gages. The researchers did
not adjust the recent streamflow data for upstream cultural depletions which, as shown in this section, have
been notable. As such, the flow data they reconstruct using tree rings is useful as a relative rather than
absolute measure of prior flows along the Verde River.
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other gages are located within Segments 3, 4, and 5.

72. Data for the gages are presented in Table 5. Flow duration rates are
listed for each gage based on measured daily mean flows.j The 25% flow rates shown
indicate that, over the period of record, daily mean flows measured at the gage equaled
or exceeded the specified value 25% of the time. In other words, flows remained less
than the rate 75% of the time. Similarly, the 50% values indicate that the specified
flow was equaled or exceeded at the gage 50% of the time. The latter is equivalent to
the median daily flow over the period of record. These percentiles were used for flow
reconstruction rather than average flow rates since the latter are less representative of
typical flow conditions and skewed by large flow events.

C. Diversions and Return Flows

73. To reconstruct natural and ordinary streamflow conditions along the
Verde River, stream depletions resulting from cultural diversions upstream of the
USGS gaging stations were added to the gaged flows. Irrigation diversions were by far
the largest cultural water use in the region at this time and are discussed further below.

74. Irrigation diversions upstream of the gages are summarized in Table 6.k

During the period of flow reconstruction, the acreage irrigated along the Verde River
above the gages was relatively stable and totaled between about 8,000 and 9,000 acres.
The rates that surface water was diverted from the Verde River and its tributaries to
irrigate these lands was reported by Hancock (1914, p.32) and Hayden (1940, p.9) for
most of the irrigation canals and ditches in the area.

75. As explained by Hayden (1940, pp.11-12 and 15), a portion of the water
diverted from the Verde River for irrigation quickly returned to the river:

“That a considerable portion of this diverted [irrigation] water does find
its way back to its natural channel is a certainty, unless the absurd claim
be made that this district is unlike all others known. Also it is true that
physical conditions are such as to favor the speedy return of seepage or
leakage to the stream beds. Only bottom lands are irrigated and at no
place do they extend over a half-mile from the main channel. The live
flow of streams and springs at all times keeps porous underground beds
saturated, and the limited storage space between the permanent water
table and the ground surface leaves no room for accumulated reserves.
No evidence of any such accumulations was found in the entire basin to
an extent which would threaten the land with waterlogging and the
natural drainage is such that continuous irrigation in the same manner
for periods from 40 to 50 years has disturbed but little, if any, the
balance between inflow and outflow…Local water users…are quick to
assert that no amount of control would affect the flow reaching the
lower (Verde) river, since they claim that all leakage and seepage is
returned quickly to the natural stream channels, and that, over the entire
year, all surplus diversion above the water consumptively used is
automatically accounted for in this manner. This contention has much to

j
For the gage below the East Verde River, daily mean flow data were unavailable so monthly mean flow

data were used instead.
k

Based on reported diversions and cropped acreages, each 1 cfs diverted from the Verde River and its
tributaries irrigated an average of about 30 acres during the period of flow reconstruction.
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support it…”

76. Unfortunately, the total quantity of water diverted from the Verde River
and its tributaries for irrigation that returned to the river was not quantified. As further
explained by Hayden (1940, p.10):

“Surface flow in the Verde River occurs in such a manner as to make its
measurement in conjunction with the numerous diversions and the
return seepage, with contributions from natural ground water and
springs, a highly complex and difficult problem. A brief touch on the
conditions as observed in June and July 1940 over the 40-mile course of
the river below Sycamore Canyon will give a general idea of the great
number of indefinite factors to be considered. Starting out with an
estimated flow of 75 sec.-ft. below Sycamore Creek, this stream was
observed to have diminished to not over 10 or 15 sec.-ft. six miles
below, near Tapco. A mile or so lower down, at Clarkdale, 20 sec.-ft
was diverted and about the same flow remained in the river. The Hickey
Ditch, ½ or ¾–mile downstream diverted 20 sec.-ft. and the
Cottonwood, ¼-mile below that, 45 sec.-ft. In the 35-mile course of the
river to Clear Creek an estimated total of 184 sec.-ft was being taken
out, with approximately 25 sec.-ft coming in at Oak Creek and none
visible from Beaver or Clear Creeks. Yet below Clear Creek there still
remained a flow estimated at 50 sec.-ft. These figures five a total of 144
sec.-ft excess observed diversions over observed inflow, which added to
the 50 sec.-ft in the river below Clear Creek give a total of 234 sec.-ft.
for the main Verde flow, which had there been no diversions, would
have been in the river below Clear Creek, less, of course, the amount of
contributions which came from canal and land losses.”

77. Recent measurements by Ross (2010, pp.121-127) do, however, provide
an estimate of the percentage of irrigation diversions in the Verde Valley that return to
the river. Between October 2008 and May 2010, Ross measured the quantity of surface
flow diverted into and directly returned to the Verde River along four ditches –
Diamond S, Eureka, OK and Verde. He found that, on average, approximately 43% of
the water diverted was directly returned to the river. The remaining 57% was either
consumptively used or seeped back to the river via the subsurface. For purposes of
flow reconstruction I assumed that, between 1910 and 1940, 57% of the water diverted
from the Verde River and its tributaries for irrigation was depleted from the river and
needs to be added back to the river above the gages. A summary of Ross’ diversion
and return flow data is provided in Attachment F.

78. Table 6 lists typical surface water diversion rates during the period of
record, my estimate of streamflow depletions below the ditch returns, and estimated
depletions in flow upstream of the five USGS gaging stations. The latter were added to
the gauged data to reconstruct undepleted flows.

79. One major non-agricultural diversion was identified upstream of four of
the gages. During the period of flow reconstruction, Phelps Dodge (PD) diverted about
9 cfs directly from the Verde River in the Clarkdale area for mining purposes (Hayden,
1940, pp.101-102). As noted in Table 6, it was assumed in this case that 100% of PD’s
diversion was depleted from the river (i.e. there were no return flow).
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D. Results and Qualifications

80. Reconstructed flows at the five USGS gaging stations are summarized
in Table 5. My analysis showed that, absent cultural depletions, flows in the Verde
River remained less than 600 cfs along all five stream segments during 75% of the
year. Reconstructed flows along Segment 1 and the upper reach of Segment 2 typically
remained below 100 cfs.

81. When reviewing these results, it is important to remember that
adjustments were not made for gains in streamflow from infiltration of irrigation water
or natural losses in stream flow from ET. It is assumed in the analysis that none of the
water diverted upstream of a gage site for irrigation or mining returned to the river via
baseflow and was measured by the gages. It is further assumed that all of the depleted
water added back to the river reached the downstream gage (i.e. none was naturally
lost along the channel from ET). Both assumptions are unlikely and, as a result, my
reconstructed flows are conservative and considered an upper estimate. Actual Verde
River streamflows would be lower in their natural and ordinary condition.

E. Comparison to Other Estimates

82. Two earlier studies were identified that reconstructed streamflows on
the Verde River. In 1952, BOR published a report on the water supply of the Lower
Colorado River Basin. In that report, undepleted streamflows were calculated at
numerous gaging stations within the basin for the period 1914 through 1945. Flow
records were adjusted for depletions upstream of the gages, including consumptive
uses, channel losses, and ET.

83. In 1987, the USGS prepared a map of average annual runoff across the
United States. In preparing this map, gaging station records were used and also
adjusted for upstream diversions, in this case for the period 1951-1980. According to
Krug and others (1987, p.4), if the station records “indicated an amount of upstream
diversion, it was used to adjust the streamflow.” Since irrigation diversions were
commonly described in these records by the number of acres irrigated, upstream
diversions were quantified by multiplying the irrigated area “by the amount of water
typically used for irrigation in that area (minus an allowance for return flows).”

84. At the USGS gaging station below Bartlett Dam, BOR (1952, p.152)
determined that the average or mean annual undepleted flow of the Verde River was
approximately 752 cfs. By comparison, the flows that I reconstructed at this gage
ranged from 437 to 570 cfs for the 50% and 25% daily mean flow durations,
respectively. As expected and explained in paragraph 72, my flow reconstructions
were lower than BOR’s average annual undepleted flow estimate since the latter is
skewed by large flow events. In either case, undepleted flows at this point on the
Verde River were relatively small and, when evaluated in the next section in terms of
their associated depths, would have been unsuitable for commercial navigation.

85. Near the mouth of the Verde River, downstream of the Bartlett Dam
gage described above, Krug and others (1987, p.321) calculated an average annual
undepleted flow of approximately 1,021 cfs. The drainage area here is about 400
square miles larger which may explain, in part, their higher undepleted flow estimate.
As discussed below, even at this higher flow rate, the mean flow depth at the Bartlett
gaging station I evaluated would have been about 2.0 feet.
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VIII. RIVER DEPTH RECONSTRUCTION

86. The streamflows reconstructed in Section VII are used in this section to
reconstruct the depth of the Verde River. Stream depths prior to depletion were
determined using hydraulic rating curves based on USGS field discharge
measurements at the five gaging stations.

87. Rating curves for the gaging stations near Clarkdale and at and near
Camp Verde were developed by Fuller (2003, pp.7-16 through 7-18) and are
reproduced in Figure 8. I developed my own rating curves for the gaging stations
below the East Verde River and below Bartlett Dam and these are presented in Figures
9 and 10, respectively. The latter were developed based on hundreds of USGS field
measurements taken over multiple years during the analysis period.

88. To reconstruct the depth of undepleted streamflows in the Verde River,
the 25% and 50% flow durations reconstructed in Section VII were compared to the
hydraulic rating curves which relate stream discharge to mean depth.l The results are
summarized in Table 5. By combining my reconstructed streamflows with the
hydraulic rating curves described above, I found that undepleted flows in the Verde
River typically had a mean depth of less than 2.0 feet during 75% of the year. An
exception was the gage below the East Verde River where the mean stream depth
remained less than 2.2 feet over 75% of the year with a median (50%) depth of 1.8
feet. None of these stream depths would have supported commercial boat travel in
light of prior court decisions (e.g. United States v. Utah, discussed in paragraphs 90
and 91) and certain navigability guidelines (see paragraph 92).

89. Note that the reconstructed stream depths listed in Table 5 represent
conditions at discrete points along the river where the USGS found the channel was
relatively uniform and unaffected by rapids and, therefore, suitable for a gaging
station. However, as described in Section IV of this declaration, rapids are common
along four of the five Verde River segments and at these points flow depths would
likely have been lower and more irregular.

90. When compared to the findings of the Special Master in United States v.
Utah, the mean stream depths reconstructed for the Verde River indicate that this river
would not be found navigable in its ordinary and natural condition prior to statehood.
United States v. Utah, 283 U.S. 64, 51 S.Ct. 438 (1931). In the Utah case, the Special
Master determined that the San Juan River was not navigable, a finding that the U.S.
Supreme Court later adopted. Among the factors that the Special Master cited in his
report was the relatively shallow depth of the river which he found had a mean depth
of less than 2 feet during 167 days or 46% of the year (Warren, 1930, pp.154-181). By
comparison, along the Verde River, reconstructed stream depths were typically less
than 2 feet during 75% of the year at all gaging stations except the one below the East
Verde River, as explained above. This comparison weighs even more for the non-
navigability of the Verde River considering the conservative nature of my streamflow
reconstructions (see paragraph 81).

91. Also cited in the Special Master’s report were results from a “low water”
survey of the Green and Grand Rivers. The survey had been conducted by the War
Department in November 1908 to determine the navigability of the two Utah rivers and

l
Also referred to as hydraulic depth, mean depth is equivalent to the average depth of the stream across the

channel cross-section.



Verde River Navigability Determination

Plateau Resources LLC 21 September 2014

whether their improvement by the Federal Government was advisable. The survey found
that:

“There are many ‘cross-overs’ in both rivers which have a depth of
between 2½ and 3 feet during the low-water stage. This depth is sufficient
for light draft boats suitable to these rivers, and 3 feet is, therefore taken as
the governing low-water depth to be considered in improvement. The
maintenance of a greater depth is not warranted by the probable
commerce.” (Warren, 1930, pp.101-102)

The War Department determined that both rivers were navigable, a conclusion that the
Special Master indicated, while not binding on the United States:

“has a certain amount of relevancy. I find that (the) conclusions as to
depths, velocities, etc. are amply confirmed by the evidence in this suit
as to actual boat trips on these Rivers made by witnesses.” (Warren,
1930, p.130)

The Special Master, who ultimately also found both rivers to be navigable, determined
that the mean depths of the Green and Grand Rivers only fell below 3 feet during 53
days and 16 days of the year, respectively. These flows were considerably deeper than
those of the Verde River in its ordinary and natural condition.

92. It is also helpful when reviewing the reconstructed stream depths of the
Verde River to consider thresholds established by the State of Washington for
assessing the navigability potential of rivers. According to Magirl and Olsen (2009,
p.2), Washington considers streams with an mean depth of less than 2 feet “probably
not” navigable while streams with mean depths between 2 and 3.5 feet “may be
(navigable) depending on (the) balance of factors.” Streams with mean depths greater
than 3.5 feet are considered “probably” navigable. The Verde River is also non-
navigable in its ordinary and natural condition using these criteria.

93. As described in this and prior sections of my declaration, shallow
stream depths, rapids and beaver dams were all characteristic of the Verde River prior
to its development. These natural impediments to navigation explain why the river was
neither used nor susceptible to use as a highway for commerce at and prior to
statehood.

IX. CONCLUSIONS

94. It is my opinion that, in its ordinary and natural condition, the Verde
River was neither navigable nor susceptible to navigation at and prior to statehood.

95. It is also my opinion that if the Verde River is divided into segments, as
proposed by ASLD, none of the segments would have been navigable in their ordinary
and natural condition.

96. I base these opinions on my review of existing and supplemental
evidence presented in this declaration including, but not limited to: (a) past and recent
efforts at boating; (b) observed predevelopment streamflow conditions and early
government assessments of navigability; (c) early transportation needs in the area; (d)
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natural impediments to navigability; and (e) reconstruction of the ordinary flow and
depth of the river prior to development.

I declare under penalty of perjury that, to the best of
and correct.

~
Executed on thislI_ day of September, 2014.

RICHARD T. BURTELL

Plateau Resources LLC 22 September 2014
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Type Length

1868 January raft unknown two supplies 3
Schreier (1987, pp.1-

7)
First raft capsized.

people 2
IO Report (1878) as
cited in Fuller (2003,

p.8-3)

1883 February canvas skiff unknown
Fort McDowell to

Phoenix
5

Arizona Gazette
(1883) as cited in

Fuller (2003, p.3-20)

Trip reportedly completed in 18
hours by "jolly mariners" from
Fort McDowell; high flow
season.

"collapsible
U.S. Army
issue boat"

about 12 to
14 feet

people 2
Munson (1981, pp.28-
29) and Fuller (2003,

p.3-20)

Based on personal
communication with Munson
and a Library of Congress
photograph showing one boater
in a military uniform.

1888 December canoe unknown supplies hunting
Fort McDowell to

Phoenix
5

Phoenix Herald
(1888) as cited in

Fuller (2003, pp.3-20
and 3-21)

1891 September two trapping
Camp Verde to

Yuma
2 through 5

Arizona Sentinel
(1892)

Over 800-mile trip completed
"in a little less than six months";
one boater indicated that it was
his fifth trip down the river.

1891 March one probably 1
Weekly Journal-

Miner (1891)
"his frail craft went to pieces";
high flow season.

1899 June
"boats or

rafts"
rock dam building near Perkinsville 1 Fuller (2003, p.8-3)

Based on undated article by
Don Willard.

1903 early "steel boat" unknown two supplies hunting

16 miles
downstream

within the Verde
Valley

2
Palmer (1979, p.29)

as cited in Fuller
(2003, p.3-21)

Trip possibly taken during high
flow season; boat hauled "on
the axle of two wheels" by a
horse.

1905 May
"two iron
boats"

unknown four to ten
Van Deren's
Crossing to

Phoenix
2 through 5

Arizona Silver Belt
(1905) and Weekly

Journal Miner (1905)

Unknown whether trip was
actually made; "expect to make
trip in seven days. In places
they will have to shoot rapids,
and in others it will be
necessary to carry their boat."

1931
January -
February

flat-bottom unknown two supplies trapping
Clarkdale to near

Fort McDowell
2 through 5

Verde Copper News
(1931) as cited in

Fuller (2003, 3-21)

High flow season; unknown
whether beaver or otters were
still in river at this time.

probably recreational (trip
described in articles as a

"cruise" by Jerome business
men)

supplies

unknown

ASLD RIVER

SEGMENT

crossing river to repair a telegraph
line and railroad track

ferry used by Fort Verde troops to
cross the river during periods of high

flow

ferry used to take couriers across
the river during periods of high flow

"raft constructed of
(railroad) ties"

unknown

ferry used by Camp McDowell troops
to transport supplies across the river

during a period of high flow

"small boat"

circa 1878

twocirca 1887

unknown

TABLE 1. HISTORIC ACCOUNTS OF BOATING THE VERDE RIVER

CARGO PURPOSE SOURCEDIRECTION COMMENTS
BOAT

YEAR MONTH

NUMBER OF

PASSENGERS

AND CREW

Plateau Resources LLC September 2014



Verde River Navigability Determination

1864 215 7 4

1865 527 18 10

1868 1,243 42 24

1869 1,548 53 30

1870 1,649 56 32

1871 1,958 67 38

1872 1,998 68 39

1873 2,470 84 48

1874 2,648 90 51

1875 2,731 93 53

1876 2,989 102 58

1877 3,062 104 59

1878 3,670 125 71

1879 3,729 127 72

1880 3,941 134 76

1881 3,991 136 77

1883 3,994 136 77

Notes:
a

From Hayden (1940, pp.177-178).
b

cfs = cubic feet per second.
c

Calculated by multiplying the irrigated acreage by an average diversion rate of 3.4 cfs per 100 acres. The latter is based on
data from Hancock (1914, p.32) and Hayden (1940, p.9).

d
Calculated by assuming that, on average, 57% of irrigation diversions do not immediately return to the river. The average
return rate of 43% is based on field data collected by Ross (2010, pp.121-127) between October 2008 and May 2010 from
four ditches within the Verde Valley (Diamond S, Eureka, OK and Verde).

e
Does not account for diversions that return to the river through subsurface seepage or natural evapotranspiration (ET)

losses downstream of the diversions. As such, these values overestimate actual streamflow depletions.

TABLE 2. HISTORIC IRRIGATION ALONG AND NEAR THE VERDE RIVER ABOVE FORT
MCDOWELL

ESTIMATED STREAMFLOW

DEPLETION BELOW IRRIGATED

AREAS (cfs)
b,d,e

YEAR
IRRIGATED

ACREAGE
a

ESTIMATED SURFACE WATER

DIVERSIONS FOR IRRIGATION

(cfs)
b,c

Plateau Resources LLC September 2014
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DATE DESCRIPTION SOURCE REFERENCE COMMENTS

February 1864
"within three miles [ of Postol's Ranch] is the head of one of the branches of
the San Francisco ( Verde) river, where beaver dams form a succession of
ponds that are literally filled with fish"

Allyn (1974, p.67)
Judge appointed to the Arizona Territory Supreme
Court.

1890s

"According to Mrs. Nick-Perkins (personal communication), the floodplain of
the river was quite stable in the 1890s, and Yavapai Indians were using
canals to irrigate their crops along the banks of the stream. The river flows
slowly, impeded by many beaver dams, and extensive marshes occupied the
floodplains."

Minkley and
Alger

Fuller (2003, p.3-
14)

Resident described conditions in the vicinity of
Perkinsville.

1860s

"bottom [ of the Verde River] was from one half to one mile wide, and was
covered with a dense forest of trees, with thick underbrush, which it was very
difficult to even get through on foot, every half mile or mile there would be a
beaver dam."

Hawkings
Stoutamire (2011,

p.5)
Jerome dentist.

1864 - 1865

"Judging from the accounts of old trappers, its [ beaver] numbers seem even
to have increased as of later; owing, doubtless, both to the diminished value
of its fur…and to the Indian difficulties…Particularly upon the Rio Salado and
San Francisco [ Verde] is it very abundant; and its dams occur, in some
places, every few hundred yards."

Coues (1867, p.362-363)
Ornithologist and surgeon stationed at Fort
Whipple.

circa 1868
"Thirty-one years ago the Verde River was full of beaver dams and was not
confined to an even channel, as it is now."

Hance
The Arizona

Republican (1899)
Verde Valley pioneer.

1884 - 1887
See Attachment E for Mearn's notes regarding the occurrence of beavers in
streams near Fort Verde.

Mearns (1907, pp.354-359) Naturalist and surgeon stationed at Fort Verde.

1885
"[ we] made a survey of the Verde River only a few blocks from the fort. We
discovered that the river was full of beaver dams with plenty of fish behind the
dams where the water was deep."

Huntington (1957, p.7) Stationed at Fort McDowell.

1888
"A party of Prescott trappers have caught a good many beaver on lower
Verde."

Tombstone
Weekly Epitaph

(1888)

TABLE 3. HISTORIC ACCOUNTS OF VERDE RIVER BEAVER DAMS

SEGMENT 1 (Headwaters to Sycamore Creek)

SEGMENT 2 (Sycamore Creek to Beasley Flat)

SEGMENT 5 (Horseshoe Reservoir to Salt River Confluence)

Plateau Resources LLC September 2014
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RIVER

MILEb NAME CLASS
RIVER

MILEb NAME CLASS
RIVER

MILEb NAME CLASS

3.3 16.0 20.9 Old Bear Ford area

5.4 16.5 23.5 Guv Drop

6.4 Roper Tank Canyon area 16.8 Boulders One 28.0 Unnamed shallows

8.4 Muldon Canyon area 17.0 Boulders Two 29.9 Horseshoe Drops

13.6 Gold Basin Canyon area 17.2 Boulders Three 31.4 Tricky Two Drops

14.6 Unnamed 18.6 Tri-Canyon Rock Gardens 32.6 Rafael's Gauntlet

14.8 Duff Drop 20.4 34.6 Unnamed

14.9 Duff Gauntlet 20.6

37.6 Sycamore Chute 40.3 USGS Rapids 85.8 Platform Banks Droppings

38.1 Unnamed 42.7 SOB Drop 88.3 Roller Uno

38.6 Little Swamper 68.0 Cherry Creek Drop

39.3 Gauge Drops 81.2 Clay Banks Rock Garden see next

89.5 Roller Dud I 93.8 Palisades Cliff II+ 99.4 Gospel Drop II-

90.5 Off the Wall II+ 95.1 Formations Rock Garden I+ 99.7

90.6 Unnamed II 95.5 Wanna Be Punk II 100.1

90.8 S Curve II- 96.0 Punk Rock III 101.1 Good Ride II+

91.1 Safety Valve II 96.6 Powerline #1 I 101.6 Good Ride, Too II

91.2 Pre Falls III 97.1 Unnamed near Towel Creek I+ 101.9 Unnamed

91.3 The Falls IV 97.5 Bushman III- 104.3 Unnamed

91.5 Post Falls II+ 97.8 Unnamed I+ 104.5 Powerline #2 II+

92.3 Unnamed I+ 98.2 Lil Do Drop II- 104.9 Unnamed I+

93.1 Sycamore 98.5 Rocky Split II+ 105.3 Powerline #3

93.5 Two-Rock Drop 99.2 White Flash II- 105.4 Childs Rock Garden

105.8 Unnamed I+ 119.7 Unnamed II 130.7 Split Shoot II-

106.7 Childs Play/Game and Fish II 122.3 Who Do 131.5

107.0 Unnamed I+ 122.8 Unnamed 132.6

107.5 Rock n Middle II 123.2 The Gauntlet II 133.2 Nice Ride

107.8 Rocks at Top of Drop II- 125.1 Cave Drop II- 134.0

110.2 Nasty Little Dog Leg II- 125.3 Closure I+ 134.2

110.8 Reunion Drop #2 I+ 125.5 Tree Hazard II 135.0 I

111.0 I 126.5 136.0 II

115.8 II 128.0 137.0 Honey Chute II-

116.8 Redwall I+ 128.3 Mell of a Hess 138.5 Tangle Creek II

117.1 Tree Row II 129.3 Red Creek II+ 139.3 Sheep Chute II+

118.5 Goat Chute I 130.2 Wet as II 139.7 Horse as Chute II-

Notes:
a Williams (1996, pp.iii through 119) provided the river mile, name and class of rapids within Segments 1 through 4. He considered the river at 'low water' when the

Camp Verde gage read 250 cubic feet per second (cfs) or less, and at 'high water' when this gage read from 500 to 1,000 cfs.
b River miles begin at Sullivan Lake Dam (0.0) and increase downstream.
c Williams describes and locates other rapids within Segments 3 and 4 but does not specify their class.

Unnamed

II-

I+

Unnamed
I+

Unnamed

Unnamed

I+

I+

II-

ASLD SEGMENT 4 (Verde Hot Springs to Horseshoe Reservoir)C

Unnamed
I

I or II (low
water)

I or II (low
water)

Unnamed

Old Bear Ford area

I or II (low
water)

TABLE 4. VERDE RIVER RAPIDS MAPPED ABOVE HORSESHOE RESERVOIRa

ASLD SEGMENT 1 (Headwaters to Sycamore Creek)

ASLD SEGMENT 2 (Sycamore Creek to Beasley Flat)

Unnamed I+

ASLD SEGMENT 3 (Beasley Flat to Verde Hot Springs)C

I+

I (I+ to II at
high water)

I+

I+

Plateau Resources LLC September 2014
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25% 50% 25% 50% 25% 50%

near Clarkdale 2 3,530
June 1915 to July

1921
92 84 101 93 1.6 1.6

at Camp
Verde

2 4,220
January 1913 to

March 1920
265 149 432 316 1.4 1.1

near Camp
Verde

3 5,000
April 1934 to

December 1940
243 184 419 360 2.0 1.9

below East
Verde River

4 5,610
July 1934 to

December 1940
404 g 257 a,g 587 440 2.2 1.8

below Bartlett
Dam

5 6,180
February 1925 to
February 1939

387 254 570 437 1.6 1.5

Notes:
a From USGS (1954, pp.685-693).
b cfs = cubic feet per second.
c 25% indicates that, over the period of record, daily mean flows at the gage equaled or exceeded the specified value during 25% of the time. Similarly, 50% indicates

that the specified flow was equaled or exceeded 50% of the time. The latter is equivalent to the median daily flow over the period of record.
d Daily mean flow data from USGS (2014a).
e Calculated by adding the estimated stream depletions from Table 6 to the measured flows listed here.
f Based on the reconstructed flow rates listed here and the rating curves presented in Figures 8 through 10.
g Daily mean flow data were unavailable for this gauge so monthly mean flow data were used instead.

DURATION OF DAILY MEAN FLOW (cfs)b, c

Measuredd Reconstructede

TABLE 5. RECONSTRUCTED VERDE RIVER STREAM FLOWS AND DEPTHS

RECONSTRUCTED MEAN

STREAM DEPTH (feet)fUSGS

GAGE

ASLD

STREAM

SEGMENT

DRAINAGE

AREA

(square

miles)
a

PERIOD OF

RECORD
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near

Clarkdale

at Camp

Verde

near

Camp

Verde

below East

Verde River

below

Bartlett

Dam

Del Rio 4 2 2 2 2 2 2

Granite Creek 4 2 2 2 2 2 2

Upper Verde (above mouth
of Sycamore Creek)

8 4 4 4 4 4 4

Verde (between Sycamore
and Oak Creeks)

80 46 46 46 46 46

Phelps Dodge at Clarkdale 9 9 9 9 9 9

Verde (between Oak and
Clear Creeks)

95 54 67
e 54 54 54

Small creeks and springs
tributary to Verde

5 3 3 3 3 3

Oak Creek (in Forest
Reserve)

20 11 11 11 11 11

Lower Oak Creek 41 23 23 23 23 23

Beaver Creek 19 11 11 11 11

Clear Creek 17 10 10 10 10

East Verde River 14 8
below
station

8 8

Total Upstream

Depletion:
9 167 176 183 183

Notes:
a

From Hancock (1914, p.32) and Hayden (1940, p.9); higher rate used if two values available for same location.
b

cfs = cubic feet per second.
c

See footnote d in Table 2; no portion of the surface water diverted by Phelps Dodge for mining was assumed to return to the river.
d

Does not account for diversions that return to the river through subsurface seepage or natural evapotranspiration (ET) losses between the

diversion and the gage site. As such, these values overestimate actual streamflow depletions.
e

Adjusted to account for ditches within this reach where (i) the diversion and return are both below the gage (Diamond S); (ii) the diversion and

return are both above the gage (OK); and, (iii) the diversion is above but the return is below the gage (Eureka and Woods).

below
station

below
station

TABLE 6. CULTURAL DEPLETION OF VERDE RIVER STREAMFLOWS ABOVE USGS GAGING
STATIONS CIRCA 1914 TO 1940

GENERAL

LOCATION
a

TYPICAL

SURFACE

WATER

DIVERSION

RATE (cfs)
a, b

ESTIMATED

STREAMFLOW

DEPLETION BELOW

DITCH RETURN

(cfs)
b, c

ESTIMATED REDUCTION IN FLOW UPSTREAM OF

USGS GAGING STATIONS (cfs)
b, d
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FIGURE 1. MAP OF THE VERDE RIVER WATERSHED

Plateau Resources LLC September 2014

Verde River Navigability Determination

Source: Fuller (2003, p.7-1).
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FIGURE 2. VERDE RIVER STREAM SEGMENTS AND USGS GAGING
STATIONS

Plateau Resources LLC September 2014
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Base map: U.S. Army Corps of Engineers (1969
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FIGURE 3. WAGON ROADS CONNECTING MILITARY POSTS LOCATED
ALONG AND NEAR THE VERDE RIVER CIRCA 1866
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FIGURE 4. TRANSPORTATION ROUTES CONNECTING TOWNS AND MILITARY
POSTS ALONG AND NEAR THE VERDE RIVER CIRCA 1876
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FIGURE 5. GROUND PHOTOGRAPHS OF VERDE RIVER RAPIDS ALONG STREAM SEGMENT 1
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Plateau Resources LLC September 2014

Source: Williams (1996, pp.9-37).

Unnamed Rapid (River Mile 3.3) “Duff Drop” (River Mile 14.8) “Boulders Three” (River Mile 17.2)

“Guv Drop” (River Mile 23.5) “Rafael’s Gauntlet” (River Mile 32.5)“Horseshoe Drop” (River Mile 29.7)
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FIGURE 6. GROUND PHOTOGRAPHS OF VERDE RIVER RAPIDS ALONG THE UPPER
REACH OF SEGMENT 2

Source: Williams (1996, pp.28 and 42-43).

“USGS Rapids” (River Mile 40.3)

“Little Swamper” (River Mile 40.3)

“SOB Drop” (River Mile 42.7)
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FIGURE 7. ANNUAL VERDE RIVER STREAMFLOWS BELOW BARTLETT DAM

RECONSTRUCTED FROM 1820 THROUGH 1960 USING TREE RINGS
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FIGURE 8. VERDE RIVER DEPTH VS. DISCHARGE AT USGS GAGING STATIONS NEAR

CLARKDALE AND AT AND NEAR CAMP VERDE

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 100 200 300 400 500 600 700 800 900 1,000

Discharge (cubic feet per second)

M
e

a
n

D
e

p
th

(f
e

e
t)

near Clarkdale

at Camp Verde

near Camp Verde

Data Source: Fuller (2003, pp.7-16 to 7-18).
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FIGURE 9. VERDE RIVER DEPTH VS. DISCHARGE AT USGS GAGING STATION BELOW EAST

VERDE RIVER (1935-41)
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FIGURE 10. VERDE RIVER DEPTH VS. DISCHARGE AT USGS GAGING STATION BELOW

BARTLETT DAM (1934-39)
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RICHARD THOMAS BURTELL
4016 East Jojoba Road

Phoenix, Arizona 85044
602-327-7486

plateauresources@gmail.com

EDUCATION CERTIFICATION / RECENT TRAINING

 M.S. Hydrology, University of Arizona
(1989)

 Registered Geologist, Arizona
(No. 33746)

 B.S. Geology, University of Pittsburgh
(1986)

 Water Well and Pump Performance
(American Ground Water Trust, 2013)

 Mine Geochemistry , Hydrology and Water
Treatment Workshops (EPA, 2013)

 Section 404 Permitting and Groundwater
Plume Analysis Workshops (AHS, 2012)

 Stream Restoration Course (WMG, 2011)

SUMMARY

Mr. Burtell is an environmental scientist with 25 years of project and management experience. Areas
of expertise include water rights and demand analyses; evaluation of ground and surface water
resources; remote sensing; land ownership assessments; environmental compliance; investigation of
mine, fuel and waste storage facilities; contaminant hydrology; and, collection and analysis of
environmental data. Management duties have included supervision of staff and consultants, project
planning and coordination, report preparation, and litigation support.

EMPLOYMENT

 Plateau Resources LLC
Principal and Owner
Phoenix, AZ (2011-Present)

 Golder Associates Inc.
Project Hydrologist/Geochemist
Denver, Colorado (1990-1992)

 Arizona Department of Water Resources
Manager, Adjudications and Tech Support
Phoenix, Arizona (1999-2011)

 U.S. Geological Survey
Staff Hydrologist/Geochemist
Orlando, Florida (1989-1990)

 Golden Environmental Management
Senior Project Manager
Tempe, Arizona (1998-1999)

 Phelps Dodge Inc.
Hydrogeologist – Summer Intern
Morenci, Arizona (1987)

 Montgomery Watson
Supervising Hydrologist/ Geochemist
Arizona and Colorado (1992-1998)
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September 2014

EXPERIENCE

Project Management

 Evaluation of ground and surface water
resources including aquifer testing, model
development and review and GW/SW
interactions

 Supervision of environmental staff (up to
15 geologists, hydrologists, GIS analysts
and administrative assistants) and
consultants

 Water rights analysis and legal review  Project planning and scheduling

 Stormwater, Section 404 , and mine
exploration permits

 Proposal and report preparation including
document publication

 Preparation of Environmental Impact
Statements and Aquifer Protection Permits

 Coordination with interdisciplinary teams,
stakeholders and regulators

 Water demand determinations for
agricultural, municipal, industrial, and
riparian uses

 Litigation support (expert testimony,
technical advisor to court, and settlement
negotiations)

 Phase I/II Environmental Site Assessments  Third party and peer review

 Remote sensing and surface mapping  Budget development and control

 Contaminant hydrology and transport/
geochemical modeling

 Characterization of fuel and solid/
hazardous waste facilities

 Collection and analysis of hydrologic,
geologic and water quality data

COMMITTEES

 Water Resources Development Commission (served on Water Supply and Demand Committee)
 Western Navajo-Hopi Water Supply (Kyl) Study

 Upper San Pedro Partnership (served on Technical Advisory Committee)

AWARDS/HONORS PROFESSIONAL ORGANIZATIONS

 Arizona Department of Water Resources
- Supervisor of the year
- Section of the year
- Team and individual special

achievement

 Arizona Geological Society
 Arizona Hydrological Society
 Arizona Riparian Council
 Arizona Water Well Association
 SME (Maricopa Section)

 University of Arizona
- Meritorious performance as

teaching assistant

 University of Pittsburgh
- Representative of graduating class
- Tarr Award, Sigma Gamma Epsilon
- Summa cum laude
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September 2014

RECENT PUBLICATIONS/REPORTS

 Water Demand and Conservation Assessment for the Town of Camp Verde (2014)
 Unmetered Residential and Non-residential Well Use in the Sierra Vista Subwatershed (2013)
 Estimated Water Demand and Conservation Potential of Domestic Wells in the Sierra Vista

Subwatershed, Arizona (2012)
 Water Supply Options and Potential at the Fancher Mill Site (2011)
 Assessing Water Supply Vulnerability in a Water Scarce State: The Arizona Water

Sustainability Evaluation (prepared with Kelly Lacroix and Linda Stitzer and presented at the
XIV World Water Congress, 2011)

 Multi-Sector General Stormwater Permit Applications for the Ajo, Carlota, Fancher and Zonia
Mines, Arizona (2011)

 Response to Comments and Objections Filed on ADWR’s June 2009 Subflow Zone Delineation
Report for the San Pedro River Watershed (2011)

 Land Ownership Within the San Pedro Riparian National Conservation Area (2010)
 Mapping of Holocene River Alluvium along the Verde River, Central Arizona (prepared in

cooperation with the Arizona Geological Survey, 2010)
 Arizona Water Atlas, Volumes 1 through 8 (2006-2010)
 Catalog of Non-Exempt Registered Wells, Zuni Indian Water Rights Settlement (2009)
 Subflow Zone Delineation Report for the San Pedro River Watershed (2009)
 Preliminary Hydrographic Survey Report for the Hopi Indian Reservation (2008)
 Identification of Irrigated Lands in the Gila River Maintenance Area (2008)
 Review of the Settlement of Public Water Reserve No. 107 Claims in the San Pedro River

Watershed (2007)
 Technical Assessment of the Tohono O’odham Nation, Gila River Indian Community, and Zuni

Indian Tribe Water Rights Settlements (2006)

RECENT AND CURRENT PROJECTS

 Aquifer Protection Permit for a marble quarry near Dragoon, AZ (Alpha Calcit Arizona Ltd.)
 Aquifer testing, well siting, and ground-water quality assessment for the proposed Fancher gold

mill near Salome, AZ (Luxcor Gold)
 Exploration permit for the Idaho Placer Claim near Prescott Valley, AZ (various investors)
 Geochemical characterization of impacted waters and stormwater and 404 permitting for the

Zonia copper mine near Prescott, AZ (Redstone Resources Corporation)
 Hydrogeologic and well permitting support for reclamation of the St. Anthony uranium mine,

NM (Pueblo of Laguna)
 Litigation of Bonita Creek water rights issues near Payson, AZ (various plaintiffs)
 Navigability assessment for major intrastate streams, AZ (Freeport McMoRan Corporation)
 Review of federal reserved right claims for Aravaipa Canyon Wilderness Area, AZ (Freeport

McMoRan Corporation)
 Water rights analyses, AZ (confidential client)
 Water rights assessment, NM (Pueblo of Laguna)
 Water supply evaluation of the Arctic Ice and Water company, AZ (various investors)
 Water use evaluation and analysis of conservation potential for domestic wells in the Sierra

Vista Subwatershed, AZ (City of Sierra Vista and Western Resource Advocates)
 Water use evaluation for the town of Camp Verde, AZ (Western Resource Advocates)
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ATTACHMENT B

Recent Description of Verde River Boating
Conditions
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ATTACHMENT C

Historic Accounts of the Verde River
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:Between too OI>lofado. Otnquioo and Rio GUa. rollIn tw~ bud!!: of Apa.ohes, oalled Coyoterll'5
and PinM Lefiag, oon_Ing pr(llio.hly o.f SilO wm-rioiiS} or 1,S()O per~oDJI each. Tbey l.ive
among the molmtains, and. OOOIfi.~ionalllyGuUivat-e parohlll! ef !j()iII, pr:od.ncing wh~, Corn, awl
l!1.ua5li.61,. In Ol!i!l:linmlloo 0. :lieId. of oofit1)ll '\'I!lS di$eov<:roo. Mat" tluili: I'$ucheriatl. However,
not ooing fond of ql1iet pUNwb, they subsiiit p3.1ttly«pon 'roast-ed m~it.l imd piioQ wnt.J;, which
they tmd in their Wllmhu'mgs, and plsee their ma.in dependenoo fbr !lUp-port upon forays udo
&nora., prfiying D great l!OOtu"geto the :Mexican frontier. They !IN not _Ilting in fI.ative
sbrewdnm, md, though generally hoitile to parti~ of wbiw :men wh<tm they mny meet, thily
b."ve boon known to receive Aml'!:rioong iato their conan")' wIth kindness od hospi~ty. There
lilre'some tine Vdleys and m9.U1 fertile &p(tfls within thllir limits} llnd" if they wlire willing t-o
wwk, they well bow how to 'lUbsist without plunder.

We 11(1wNnph the &n Frmciroo moonJllins, and ellt.er the hUDUg-groUndB of the OosWinos.
They aN roid m roam uQrthww to the big bend of the Colorado. The VMt region ktward tho
iiouth, lying OOtv.~eenRio Verde and the-Ag·t;oornnge ofm.ounm,w, :is~ied by T..mw; while
Wtl:$t BUd. northwest of Omt ronge., to the mouth of Rio Virgen, a.re found II tribe e&lling them~
lJelv'1i1Yil.bipai$t or, as 1!00netimeswl'itten, Yampaia. 'll'hl3iir numbers m:e t1!!11-imated at. 2tOOO
~. LIll'I)tu: &tid Savedra believ~ these three to be allied. t1!ibes; but there exists !rome doubt
upon the I!IabjtMlt. The lan{,''llage of the latter pro,,·esth."IIt theyhmm an aftltrity with tho Moja.ves
arui 'CUclm.n$ of Rio Colorado; wlrile,o,COOl'din.g to Dun Jo~ (}olTtez, 1.110Tontioll belong to the
Apn<:he ruII&u.. r h4\V(l mysdd' fOlmd 'ronto villaga intermingled ,,·.iili those of F'iDal Lelias,
Borth of Rio Gil&, with whom they lived il'rt frmndly terms, with. like lJll\iooms and haibitli;
~t tlia they _bli:~ted almost exoltm.vely upon mescal 3lld .piilones," and. p<WefJ!~ none of
~hc fruits of' ngicultru·e. Yet the oounlizy they now oooupy i!bQWS ~ of lUlei.eut nooqillM,
lina OOl'lilxWlllllivevalleys of gre:~ fertility; whiclt might agmn be olJltivat.m.

Mr. LerOllX, on hllt leWD. from ClJJit'bnlia 'bl:l .New )lmoo in Auy lSii4; followed the H'Io'W
Gila from its mouth to the Pi:m.&vilfuge; ~Dldtb.ooQe ~cM8i.ng ovet to the j tm.ef;ioll of'the &.linM
with Rio Verde, ~endcd thE) luttiex rn\l3tt~f{}1I: snsnl) dliMmic(it a;:ndcrQlI$ldi.trl)m ii tQ oUt ti;il.ij upon
Flax. riVei'. t Her re:pi'!-flente Bit) Vert:l.t¢ WIII !hI!> IMg~ dream.: iii som0 ~s rapid Imd d.ecp~ in.
othelB !!pra:WIlg' out mf.o wide iagOOllll.. T'lw a~IIit wa.1!l by grndnlll sUllplili!.whidll~ 8trotehlng
int.o plains, a.bounded ill tir.r~ber-ptnill, ()4i!]r:,- nm, Illld wAln.ut. The ri (lr b!lli.k.t!WeN oovUl'Odwith
ruin!! of stone lilo'lII6esO>1:l,(t lt~¥Ul!1l' fortifiCAtions. j whitlh. he l!ilLYIl" apIJOO;l'@d til) ha.ve ht.'OO the
work of oivilized men, but had not ~. oOOUipiedt\w f.'Q,lltu.ries. Th.ey werfl.buUt upon. thB miJ'St
t\irt-ile trn.eI:li Q.f th& valley, whfl'e we~ .ignlS of ~ui~ll! $):Id! ..ot· i;U].tirn.tWa. The \'n,I-lla:we-l'e of
wild maS01UY, of recto.nf:1!llleJ::fO'un, some t:walltr to thirty ptlE;.t)Sm loo.gtL., tmd yet remW).illitn.g
~n. Olt flifte~n fret ill: height. 'l"hrlo bnlldingij Wilol'(if gf tWf1 $to,i!i~" with. IlJMll apGl'bue8 (11' 1oop-
nO'h!a tor dlofenoo when bil6icrged., :FromliliJ dE)ill}l'iption, tbe litrle of tmilding ~ums to be shni-

~ l'il'lronlla uc Mllbl~ n..m-. Q:t)O"l).lI1)~ of piJw ~ ....Mcll gJ:1JW!I "'~flJ in. ~ 7~glgn.

'ltl6~ C1tiquiw..
t Tl!Ia ~'\W ~ cull.!.;d by tift. Anililme I.im!u. Rill 11m ~'@. lIt! tiiWJ!d iIa!oog i.with .: ilIMll JiIIoIttJ it. ~ RmIll~

or JSM- 'l'hii t'llUo.rn1lld_~ptii)n 6f tli<I.-ntJ'f arul t!l.c INmlI l~ad tQ, lIM to:<m !liruf.,. f~ to ~ tbis
report:

~J-; .l.mx•.t• .r~ 'In kl! ~ ~ipJ""m.PIlihID lA till ~ a./q'a ........, t" JV'" JI'aJW.
" IfJPJ 141,ts54~'f:bij;, [p<l.l1iiig l~ !rib Gllii, ~i .:arupci!J 00 Bto WI!do.
" If!l!Il'1 .. 6Ii Rk; !lim "fOJl;~i__ Fmm Ja.;N<'Ii""!.> ~ .iXIfid. illlJr AM atooliJ': _d, ~ MI.,I ~ pt.,..f,~"

I111ir1!lgtl d~:r·"· ,;.I."• .wd ~ th NiM of ~,. .. ",b.=dim.e" JAdi .. IO wl~
,.,J[ay 1!S.-tl!.IlllI·OD~JJ FfI1b~. 'l'o-dnf, iol!lmbly ~d rt>!!d, ",~odl Vlwly, ~~. 1mIIl;:lW;S 111m. Wood!!;

IiI!O tIwo wUlui. <)I)!IOII,. ~ &y-.wl't M.d wil!!II'W·~.
~, .. ..it.., iJ.-ClIImp QD.l'!;,o;!} ~o.. fuwI ~ good, mrt ~ wel'O ~~ to ilru ijw ril't)f I!iIQ1Jif; t<m~. Wood,
~. 00<l. p ...itt~ .

..AIIttiO.---eo.J!f' \)!:!.Il'Jit."'li't~, RoodJ hilly ~ 1\Will'. liuhtl!lll!1i1i1e,;uDgli to> tivo!}. W",tet ~id. ~ ST- vIm~t;
oottQg.w<)odi, :e1., ~<>r, ... &C., in !J.l~tiJ!B. . .

"AiQ.g SI.~:P lift $!;a ~. W"1n"k Dl:l'lllUIg tn tit .. DI"""1lIg, ...6 _re !tt'lldf t., flw lil3&lilf of .- .. ~, vtoFf
~lf t!;<IiIQ of BDmC ~ COwn,~ bo-l'ng In 1M €'mile of m t:!pI1D ~.,.. ~ ",'6 <If ihcI ~ bulkUQi". tor.mfog\
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and surl.eYS.to ascertain the most practicable and economical route for a railroad from the Mississippi Ri\er to the Pacific Ocean: ,7'f1.
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Rt!1N~ OF ANCIENT PUEBLOS. 15
lllr to tho cniohitimle, 01" t4!41hous«, uhovu tha Plmas, rath",r than lik(! the Indian tQW[l8 of ~E!W

M<!xicii. In tlthel' l'~!TI'\{:t", h()we~·t'f", L6~nux ~-ay.~tnat they· l'QmiT;.:ted bim fir the g'TCilt pllobl()l1
of th.e MOqUfUOIl. Tbc~ lllrg(~ I;t'iJU~!;of whieh thoae s~rllet.m:,e!;. V,'(JTO1milt, were ofteu tn&ul!I]Jort....'Il
fr'om ~ groat distance. At, another plaee he &lJ.W (\ w<)l'l·lmilt t.o'VTI IUll1 fc)rtlllcati"n Hli'lut eight
or fililfi 1lli.t.!sfrom the Re:JJI!I!t. WUWF. He believes that, atitl~ they wl,ra boilt;, the eQniOrnlJl.ttOll
of the OO\tnLfY1.'l,,'1bi'!cn chang!!d, 1\(> as to convert. (>rring!l. nnd :> f(ll'tili' SQil lnw :~dry und harron
wASte. The idea. is not. ~ n~w ouo; C\;t.pt. Simpson advllnoc.$ somethin.g like- it. Thill conform.s
t4l the Iudlan trnrlit.ionf! nf tho 1'IT,IllWl'.UIllo. era, "t.ttihutin~ to') thn high mmla~an l~mble I!oil;
'(nil wlao pmially aoeounts £Ortb~ uesertill.il! of SGlllll! of the more 100000nt l)lleb-lcm of New 'M~xioo.

UVM! the (;ulurad(J Chiquito (Plllx river) \'f'~re extensive truC(,~ ol'l);ncient ruins, somc 0)1' w}Jicll
h!l-~e~ weU represented in a report hyChptll:iin RitgrGIi\,,~. iJ.iJ!.eOomine eavllilnftd bftn pla.;JOOl""
ell with mortar, showing mOT(,nrtistiu ~km than is IH'Mt.iMcJ 'by the pre.~':mt oceupa.fil'l or thc
(I)IJ1'l.trr. At hcblo creek 'lVCl'C ft>nm] rmtlaini! oi~fnwliJi' !loW} of fOl"tHlc.atiolll!l C]'oW'lling the SUl'-

l'o~.nditl.g heiguty~ and Qverlookillij Azteo I'tWit; t.here !IT'\}silIlithl' rll~II~, \4T~i;t",o.nlt uo.....n
WiIlillDl8 l'lvd to Rio C<llfJre<lo and thenee to t,hc P:u:;ifi(:, no ~'I?~tig[!(1t m~h ruins. "I';·asRt'l"n.
Yet m~n6 or su.b$L$W1cc 8.J'unot. wanting. There Q.r(lfulltile t;pot.l!'and pemmllE::nt ~\·utm:ill tk~
Yl1lleyl!.
1» U1&vicinity 0.1' WiUill>l.llti river, gllllle ill ahulld~t ; tile r(Jc~y diili> nnd ban-cn.Joolring hills

rroil1l<.'(' ~n-gm!y 1I1u.Jl!lI; mullitnllt~'l of thl:' fr'lit",hBJ~l'in,g r.~N.!(11 !ligaf1.tr'U? Ilnil mm:q_l1it(!R IP'oW
i1;Jl the- .alley; nii'onling Cll sufliolent &l~PJilly ot' the Wlu~l IU<llir.ll food, 'I'b~ m£6ren~J tllm:E!<folr1~.
u;cm'l to be, th:it tIl!! belt {)f country pl'('\'iou~ly erQ.~~ll W.lV! inrl<,<>u the t.r!Lclr (If the l\.T\dent
pUE'hlll hllnder,,: 1\'0(1tllllfi, accnrdi'lllg to ilNtdition, tneypl"OOOeci<l<Ul'01:l!l the nortll'westto the upper
water& of Rio OlIOI'm}!). ·rL.Ol'O they divided i -portio1l9 MCQndE'd, by th.e San JWln. ~noo. lIe
(lhp.l1~, 131'themor'o oostetlyiml.nriIcs oftl~at stream, t:owa"d t.hA CAntril otNt'W' l'I-fP1lil1o; ntlll'\".;J,
~~i'litlg 4)"i'er to tltu W().tCI'Si of "Rio Verde," .\l(,g.;:,'Emdl'rl itl; "'~I1.l.I~y tQ Rio G·i1lL, antl tiU!'!u:(! I1ml-

f.inned, Ii(!rhep~. til tbe present eitr of Me-xico, ThIs theory (If roi:;nLti'Hl i~()l)lUlll1'cl'(!(l net\l'ly
Ii)'bselet~,and ought not to be re ....ivcd, pro,'lded alK'thel', morc IJIobable, m:n.ybe BU.ggl~~1;pltmI'
th,.! .h!>lu:rtiOll ur t.hc TIIlllt in tn(' l'cgiou! r~f()uerl: to. Tipnn the t(MCr llart of Rio ColmuJ!) no
kru;es of _p6fmallen' dwellings l'm.vIl boon. d.iilCU\'IlIEl.d. Tho !!Mill) l'(JIllIlttt 11>ll'P'plicabl<l to Rio
Hilu bl!WW the jun.ction of th.> ~aJin3.~, nlrtllOugll upon the l't:H.:llil thur.., IIorenmuy im;..,riplwJ1!J
~ilniilM 1JQ tbO!lCl f"OllII.dR(,~ Zuni and at; Th>cky Dell t"l'E!E.!<lt.

Th(' trilw. tlmt liOW oeeupi~~ ~Jle regioll from PIJ('bl(l Cl'~~k tn thp. jnnrtion of Rio Ver!lp. witch
the Salillr:J..St!!> ClLll d! Tonto. -The.word ill Spomiah signific.$ m~j/fjid,but IIIexlooDM,do not Itl)Jlly
tha~ 6ignilig:,i;j;)IJ, tt:) thC1;C lndin.Jl.Ii; .m t.h~ ",mtrarYJ th"y cOl1si.ler tlwm J:o.ther sh:u-p, ]l1!.l't.icU'
lll-rly Bt Rtenli1'lg. Therefore, Rl,q it. iii D()t a wr11l of I'cll'f>)(Joll, we )nay rol'oonably S\ll~!)O.g(' that,
as iB f'rHIlUJmtly tlJ.& casCo, it is the IJldian name corl'upt>('d, 1)(lrha,p8, by Sp(lnisll !Opelling, It 1<1

.. lilOlg6'),1":0:",.IU~ ,n 1IillII" 1'1i.V~e..Lcwen(1 !eet hl~ fond three fcet tJilcil, "noi alJ,"~In mJt;oJ' !p~II.(r" \<)Ql"1<.t>l<1l! Lilt,) E:hn~"l>f "
f<>Tio:ll!1I, TIl<) w;tll~ ....eoo "'" rcr,l"wty h~lt Il!l th""., ,)f 1m,!, b",-r~ er."i',;,i bf d'ii11%1!d U;j,tI<YAS;to jlldg0IJ.r th~ deoo..vot
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Early Military Roads in the Region
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the Salt River and shipped it to Camp McDowell. (Smith's camp was situated near
4Q,tb Street, anQ..,the .~e~~.River J~...Fhoe.p;i!J That. same year,. Jack Swilling, an
entrepreneur of questlonaD'le""""eIra"racter,vIsIted Smith and noticed that the Salt
River could be channeled to irrigate the valley. He also discovered old canal
beds that some ancient tribe (the Hohokam) had built before for the same {>ur-
pose. The Swilling Irrigation Canal Company was formed with $10,000.00 raised
from Henry Wickenburg, L. J. L. Jaeger and others. The company successfully
channeled the water through the prehistoric Hohokam canals and had barley and
pumpkin crops growing the next year. A small plaque at 24th Street and
Washington commemorates the first farm and the occasion. Government surveyor
W. H. Pierce began mapping and staking section lines in the Tonto Foothills at
this time, also, while placer miners continued to search for claims in the
Foothills. The military presence in the area increased its activities, too. In
October, Camp McDowell's strength was cut in half when Lt. R. C. DuBois and
members of the 14th and 32nd Infantry went into the field to build a new road
from the camp to the Tonto Valley, over 30 miles away. ~ RIla.J...

D. THEFORT McDOWELL ROAD

Despite the ever-present Indian problem facing the military, road
construction and maintenance would remain high on the agenda of the Arizona
Military District Commartder. Interlocking the military posts with a planned
road network would benefit the military in areas of logistics, 'rapid deployment,
and reinforcement.

Direct cross-country travel between Camp Date' Creek on the La Paz Road
and Camp McDowell, a distance of about 110 miles, was conducted over established
paths based' on the abundance of water, graze; and wood. The same conditions
were present along the road between Whipple and McDowell, about 96 miles apart. .
So well d~fided was the Whipple-McDowel! trail that the 1867 g~vernme.nt surveyor :5 0+f~l:
W. H. PIerce noted: "at T5N. R6E sectIon 31, at 1,000 chamsf traIl from Ft. ':". }' .-(s
McDowell to Prescott, i': to W." Neither of these paihs could support tlie neaVy C.· Tl' ....I.M

-army wagon traffic. AI suppJ'ieS"'lJeingtransported between Camp Date Creek and
Whipple to Camp McDowell had to pass through Phoenix. From Phoenix to Camp
McDowell was another 33 miles, or a hard day's travel, which made the total
distance traveled 170 miles.

Therefore, to cut down travel time and distance, the District Commander
wanted two more roads built in the region. One road was to connect Camp Verde
(Lincoln) with Camp' Whipple; the other would run directly between Whipple and
Camp McDowell (see Figure 5).

In April 1869, Major D. R. Clendenin, 8th Cavalry, was ordered into the
field for the purpose of locating a wagon road between Camps Whipple and
McDowell. Due to its historical and geographical significance for the Tonto
Foothills area, Major Clendenin's field report outlining the possible wagon road
route is reproduced herein its entirety:

•
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The decade of the 1870s would bring many changes to the existing life-

styles in the Salt River valley and the Tonto Foothills. For the civilian
settlements, it was a time of growth and prosperity. For the soldiers, it was a

Ft. Whipple, AT.
April 21, 1869

Adjutant Generals Office
District of Arizona
Camp McDowell, AT.

Sir:
I have the honor to report that on the 4th [April] I left this post

[Whipple] for the purpose of locating a wagon road between Ft. Whipple
and Camp McDowell. Taking 25 men and two wagons. Following the Wagon
Road to Dickerson's Ranch on the lower Agua Fria with part of the men, I
sent Lt. CurIip f?] with a detachment to scout the country to meet me in
Black Canyon. With wagons I found a good route to the lower end of
Black Canyon which will not require any work of consequence, and 2000
lbs, can be easily carried in each team. The distance from Ft. Whipple
is about 48 miles.

The next two and one half miles of descent from the mesa will
require a considerable amount of work and bring the road to the Agua
Fria - thence following the trail usually traveled, a road can be made
to New River 8 miles distant without a great deal of labor. From New
River to Cave Creek 12 miles, there is scarcely any work except at Cave
Creek. From Cave Creek to McDowe~125 ?1iles the principle labor will be
to cut out the cactus, but no heavy gradmg WIllbe required, .

The distance over this route is about 95 miles and is well watered
except between Cave Creek and Cp McDowell.

Ten miles south of Dickerson's Ranch, I found a good spring which I.
named Badger Spring, where I judge the water to be permanent. One mile
east is the Agua Fria, and animals can be watered there in case the
Spring should fail. .

From Badger Spring I sent Lt. Curlip eastward through a gap near
[illegible] Mts [laid down on AI Webbins Map] to see what {>rospects
there was for a road, and also scout for Indians in that vicinity, Lt.
Curlip reports a good route for a road through to the Rio Verde, and
that by crossing the River twice there will be no heavy grading, also
that the country is well watered with abundance of grass. By following
this route the upper part of the road would start from the mouth of Big
Bug Creekjwhere It empties into the Agua Fria. .

A careful examination of the lower part of this route from Camp
McDowell may develop a road without having to cross the Verde.

This is evidently better for wood, water and grass, as the direct
route is not well supplied with grass:

Signed
D. E. Clendenin
Major 8th Cav
Commanding
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period of outstanding military success against all hostile bands. For the
Indian, it was the beginning of forced reservation life. In July of 1870,
General Stoneman, fresh from a five-year tour of duty in California, took over
as military commander of the District of Arizona. With Stoneman, the territory
hoped for an end to Indian raiding. In October, Stoneman began a long cross-
country tour of all the major garrisons under his command. Earlier, on Septem-
ber 12, Captain B. R. Perkins, 12th Infantry, began construction on the new
wagon road from Camp Whipple· to the Agua Fria. Perkins was given the following
orders by the Assistant Adjutant General Stone:

To make a good practical wagon road over and down it (Large Mesa) and to
cross the Agua Fria stream, where it will connect with a road from the
south to be built by the troops from Camp McDowell. The Department
Commander directs that the road if not completed by the first of
October, will however be in such an advanced condition, as to render it
possible for light loaded wagons to pass over.

At the same time, Company A, 21st Infantry, commanded by Captain P. Collins,
was engagep in building the southern half of the road . ..By the end of Qctober,
the road construction between \Y,hipple and McDowell '!'31scomI>.~:te~~

E. ECONOMIC DEVELOPMENT AND INDIAN RELATIONS

On October 15, 1870, the official Townsite of Phoenix was selected. The
.settlement's 'original name, Pumpkinville, was considered too undignified. The
names Stonewall and Salina were considered also, but the name of Phoenix was
chosen by Darrell Duppa. The Phoenix was a mythical bird which arose from its
ashes after it had been consumed by fire. Duppa believed that the new town of
Phoenix would arise from the .ancient Hohokam villages. Two weeks later the road
from Ehrenburg to Phoenix to Camp McDowell was opened. Another military road to
the north opened from Camp Verde to Sunset Crossing. And finally, amidst the
increased CIvic and military activity in the valley area, the earliest placer
mining operations began in Cave Creek near a section called Blue Wash.

". ."

The following year, Prescott's Arizona Miner optimistically requested
that "more capital, more labor . . . come to Arizona; - no particular difference
to which section, as every section contains rich mines." Their optimism was
premature, as the Apaches were still raiding from the Mexican border north to
,the Mogollon Rim. Key events would start moving the army towards its inevitable
clash with the raiding bands.

On April 28, 1871, a large force made up of Anglos,' Mexicans, and
Papagos attacked a friendly Apache village near Camp Grant. When the shooting
stopped, 8 warriors and 136 women and children lay dead. The ...Cam% Grant
Massacre, as it was called, caused a ripple' that was felt all the way ack to
Washington, D.C. It ended GeneraLStoneman's career in Arizona, and public
outcry brought the."peace commissioners to Arizona. I fie populace of the terri-
tory celebrated the slaughter as a victory against the Apache.

General Crook was ordered to replace Stoneman and arrived in Arizona on
May 2. The General immediately made a round of the garrisons as Stoneman had
done earlier. However, the General was ordered not to take to the field.
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Past and Recent Occurrence of Verde River
Beaver Dams
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A DESCRIPTIVE CATALOGUE OF THE SPECIES OF MAM-

MALS OCCURRING IN THAT REGION; WITH A

GENERAL SUMMARY OF THE NATURAL

HISTORY, AND A LIST OF TREES

BY

EDGAR ALEXANDER MEARNS, M. D.

Major and Surgeon, U. S. Army

PART I

Families Didelphiidae to Muridae
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hair has been plucked out; but the price at which they were sold

shows that beaver trapping was not a remunerative occupation in

Arizona, which is further attested by the great abundance of these

animals along the rivers of the Territory during the early eighties. I

have had large skins offered me, prepared with less skill and pains than

those above described for 50 cents apiece; but the value has risen so

that a trapper named Milligan, who obtained more than 100 skins on

the Gila and Verde rivers during the winter of 1886-87, selling them

by the pound, received an average price of $5 apiece. The largest

beaver taken by Mr. Milligan weighed 73 pounds.

Habits and local distribution.—Signs of the beaver were evident on

nearly all of the streams of the Colorado Basin visited by me from

March, 1884, to May, 1888. I always found this animal to be exces-

sively shy, secretive, and difficult of observation, in these respects

quite different from the half-tame beavers of the Yellowstone National

Park. The slight amount of information respecting them that I was

able to obtain while in Arizona can be best presented in the form of

extracts from my diary of those years, as follows:

July 18, 1884, F°rt Verde, Arizona.—Beavers are abundant in pools

of Beaver Creek from above Montezuma Well to the Verde River.

Mr. Henry Mehrens, a settler living just below Montezuma Well, says

he frequently sees them in pools of Beaver Creek, which are there

densely bordered by tule (Scirpus) and surrounded by willow and

cottonwood trees, upon which they feed. He informed me that

beaver frequent the irrigation ditches of the ranches along the stream,

doing some damage to the ditches and shade trees planted along them.

August 16, 1884, F°rt Verde, Arizona.—I killed an old male beaver

about 3 miles above the post of Fort Verde, in the Verde River. I

first saw it in the river a good way above me, floating like a piece of

driftwood, low in the water. For some time I was unable to make out

whether it was an animal or not; but I soon saw it move its head up

and down slightly, and then I felt sure that it was a beaver—the first

one I ever saw. Every walk I had taken along the banks of the Verde

River had revealed to me evidences of the abundance and industry of

this singular beast. Large cottonwood trees were to be seen with

trunks gnawed half through, which, on the next occasion that I vis-

ited the spot, were lying prostrate, felled by the beaver. Numbers of

cottonwood trees had been cut down by them during the preceding

two months, and in some places every tree near the water and some

good-sized ones at quite a distance from the stream had been cut, until

the spot resembled a clearing made by the woodman's ax. The sap-

lings and limbs were frequently dragged to form a large windrow

beside the river bank, in doing which well-made paths had been swept

in the sand and loam by the industrious beavers. I had not seen any

typical or recently occupied beaver dams, although there were re-
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mains of several old ones near the post of Fort Verde. But notwith-

standing the plentitude of beavers not one had before been seen,

although the streams had been forded at night and in the evening

many times. This one was seen on a cloudy day, after a shower, and

was shot from an ambush as it swam slowly down the river channel,

with only its head visible above the surface of the water most of the

time, although it sometimes floated higher and drifted like a board.

It was so large and heavy that it was with difficulty removed to a

small tree and hung up in the shade.

August 11, 1884, Fort Verde, Arizona.—Visited a spot two miles

above the post where beavers had been hard at work cutting cotton-

wood trees and lopping off the branches close to the trunk. Well-

worn paths had been made by them when carrying the branches to

the river. I was walking silently and cautiously in the shade of the

cottonwoods at a place where the bluff bank was about 10 feet

high, when I noticed a ripple proceeding from the nearer shore

beneath some jutting roots and brushwood, and crept stealthily to

the shore and saw that there was a great commotion in the water.

In fact, the whole stream was quaking from the rapid movements

of some animal beneath the surface. Soon the head of a large

beaver emerged from the shallow water on the opposite side, and in

a moment another and another. It proved to be a beaver mother

giving instructions to her kittens in the art of swimming. I quickly

pulled both triggers of my shotgun. Then there was a splash, and

for a moment the water and sand fairly boiled, after which there

was only the spasmodic kicking and flapping of a wounded beaver,

which was secured, not however without difficulty, from a dangerous

quicksand among some stranded snags of trees about which the

beavers had been trying to build a dam. On this account the beaver

colony was not subsequently molested by me, as I was desirous of

observing their method of work on the attempted dam.

August 21, 1884, Fort Verde, Arizona.—This evening I repaired to

the spot where I shot the beaver and watched for these animals

until it was pitch dark. I saw a large beaver at work on the dam,

but it napped its tail on the water and dived upstream, and I did

not see it again. As the darkness increased I coidd hear them

splashing in the water and flapping their tails on the ground with a

sharp thud from time to time, but I could see nothing, as the night

was dark save when a distant flash of lightning illumined the water

for a second.

August 22, 1884, Fort Verde, Arizona.—The beavers are putting

forth strenuous efforts to cut down all the timber near their dam.

I am interested to see whether they will actually succeed in cutting

off some large trees from which they have stripped the bark and on
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which they have commenced to chisel the wood. Some of these

trees are cottonwoods, two feet or more in diameter. Beavers have

already felled some of the largest trees in the vicinity, and it is prob-

able that others will soon follow. The limbs have been cut from

the felled trees at the trunk and carried off. To cut some of them

the animals had to climb along the trunk to a position 10. to 15 feet

above the ground. There are numerous beaver slides in the vicinity

of the dam, and these are well worn and cleanly brushed by the

leafy boughs that have been dragged down them.

September 4, 1884, Fort Verde, Arizona.—To-day I shot a young

male beaver. Its stomach was nearly filled with the bark of the

cottonwood. We had this young beaver served on our table, and

all who partook of it pronounced it to be excellent meat.

September 12, 1884, Fort Verde, Arizona.—One }^oung beaver was

seen swimming in the Verde Iliver with only the nose and fore part

of the head out of water. It climbed out upon the opposite river

bank, where I obtained a good view of it.

October 17, I884, Gila River at the San Carlos Indian Agency.—

Beavers are abundant. I saw many cottonwoods cut down or

gnawed by them.

October 25, 1884, Fossil Creek, Arizona.—Beavers are numerous on

this stream. While on this expedition (with General Crook) I saw

fresh signs of the beaver on White Iliver, the Gila, Salt River, and

Tonto Creek, and old signs on Pine Creek, all in Arizona.

January 17, 1885, Indian Garden, Oak Creek, Arizona.—Beavers

have cut many small saplings, but no large trees, along this stream.

May 13, 1885, Gila and Salt rivers, near Phoenix, Arizona.—Tracks

and cuttings of the beaver were seen.

June, 1885, Fort Verde, Arizona.—Early in June, when fishing for

bonytail (Gila) on a sluice of the Verde Iliver, I accidentally stum-

bled upon a nest containing three young beavers, two of which I

took for specimens on another occasion (June 1.3). The nest was

contained in a hollow of the large decayed bole of ash trees that

grew out of a common base, and was composed of stalks and leaves

of sedge, tule, and herbs, together with some dry leaves and fine

rootlets that had been washed bare by the stream. On this neat

and soft bed were the three little ones. The mother dived into the

pool which had undermined the trees along the jutting bank, but

soon came back to look after her progeny and was quite bold. On

subsequent visits to this nest I heard the splash of the parent when

I approached the spot, and the progeny followed her example as

soon as I reached them. The mother did not appear, but the

young ones swam freely around the pool in my presence.

June 19, 1885, Fossil Creek, Arizona.—Beavers were seen in Fossil

Creek, central Arizona.
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October 1, 1885, Fort Verde, Arizona.—Being desirous of obtaining

a handsome section of a cottonwood tree bearing the marks of the

beaver's teeth, I selected an immense one which the beavers had cut

two-thirds through, and which exhibited well the marks of their teeth

and their apparent intention and ability to fell a tree in a particular

direction. Colonel Clendennin, commanding the post, kindly allowed

me to take a large crosscut, double-handed saw and the provost ser-

geant with two men. The tree proved to be larger than I had sup-

posed, and we were unable to saw it down. As a good deal of heavy

cottonwood timber had been cut by beavers in that vicinity, I meas-

ured the circumference of the trunks of six of the larger trees. The

measurements, taken above the cutting, were as follows: 31J inches,

21^, 55£, 36, 87£, and 89. One or two of the trees measured were

still standing nearly cut through, but those were felled by the beavers

soon after and carried away by them, with the exception of the heaviest

trunks from which all the branches were gnawed.

November 7, 1885.—A prospector related a story of a fight between

a beaver and mountain lion. The miner, encamped on the Colorado

River at a point where there was a broad sand flat, saw a beaver in

the early morning crossing the sand flat to a strip of cottonwood tim-

ber, whence it was afterwards seen dragging a stick of wood back

toward the water. A mountain lion was then seen crouched in

the trail watching, ready to intercept the beaver. As the latter

approached the lion sprang upon it, and the two animals closed in a

desperate conflict. The fortunes of war wavered, now on the side of

the lion, anon on that of the beaver. The miner, taking his rifle in

hand, cautiously approached the combatants and watched them from

a place of concealment. After fighting a long time the beaver was

left dead on the field and the lion attempted to crawl from the spot,

followed by the prospector, who found it unnecessary to kill the lion

with his rifle, as it soon lay down upon the sand and died from exhaus-

tion and loss of blood.

January 22, 1886, Fort Verde, Arizona.—During the past week

there have been long heavy rains. The rainfall in the valley amounted

to several inches, while upon Grief Hill, 1,500 feet higher (altitude

about 5,000 feet), the precipitation amounted to 5 inches. The

Verde River overflowed its banks and flooded the beavers out from

their burrows in the river banks. For a night or two they were seen

all along the river, showing great excitement, and several of them

were shot.

March 26, 1886, Fort Verde, Arizona.—A few days ago a female

mallard flew from a beaver-felled cottonwood whose branches

drooped into the water beyond a pile of driftwood. As I had, been

within a few feet of the spot for a quarter of an hour without noticing

the duck, I suspected that it had a nest among the driftage. To-day,
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with a view to discovering the mallard's nest, I stopped and scruti-

nized the spot with particular care from the opposite bank of the

stream, and descried a huge beaver seated upon the tree trunk beneath

the debris. It had evidently been driven from its home by the very

high water of the rising stream, and had sought concealment in this

shady spot. When I revisited the place later in the day the beaver

had returned, but only its head was out of water, and that so nearly

concealed by brushwood that I caught sight of it too late for a shot.

When first seen I could easily have obtained the specimen had my

gun been loaded for such tough game; but it had gone before exchange

of cartridges could be effected.

May 28, 1886, Fort Verde, Arizona.— -Hoy, the driver of the post

water wagon, brought me a large female beaver that he killed with a

stone under the bank of Beaver Creek. The soldier's dog caught one

of this beaver's young, which Hoy also brought to me (Nos. 6785 and

2339, coll. Amer. Mus. Nat. Hist.).

June 11, 1886, Fort Verde, Arizona.—To-day I saw a place where

the beavers' castoreum had been deposited. The ground was stained

blackish, and the odor was so strong as to attract my attention when

riding near.

February 10, 1887, Fort Verde, Arizona.—A beaver was caught in a

steel trap eight days ago, and left one fore foot in the trap. To-day

it was found stranded upon a low sand island, having but recently

died. The uterus contained three fetuses about 25 mm. in length.

They were contained in spherical sacs as large as a hen's egg. The

placenta was four times larger than the embryo, which latter had

developed largely to head and hind extremities. The weight of the

other was 46 pounds; eye 9.5 mm. in diameter.

March 15, 1887, Verde River, Arizona.—I saw a beaver come out of

its burrow in the bank and drag a cottonwood branch into its home in

broad daylight.

March 27, 1887, Fort Verde, Arizona.—I have noticed that beavers

have been working on ash trees in several localities in this region of

late.

April 3, 1887, Box Canyon of the Verde River.—Beavers are numer-

ous, and have cut much of the timber along the river bank. Mr. J. P.

Milligan took 120 beavers on the Gila and Verde rivers during the win-

ter of 1886-87, and sold the skins at $2.50 a pound (about $5 apiece).

November 22 to 24, 1887.—On the East Verde River are several fine

beaver dams. One of them is 4 feet high, and could not have been

better built by man. This dam is superior to any other that I have

seen in the region. Beavers are very plentiful on the East Verde.

I found bones of the beaver in many cliff and cave dwellings of the

extinct race of man known as cliff dwellers in the Verde Valley, Ari-

zona, from 1884 to 1888.
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The dens of beavers are usually dug in the bluff banks of streams,

and have the entrance at a considerable depth below the surface of the

water. At the back part are usually one or more openings, probably

for the purpose of admitting the air, which are concealed by brush and

weeds. At Fort Verde a beaver den was partially opened, and a bull-

dog that had earned the reputation of being a hard fighter was ad-

mitted. In the fight that ensued the dog was badly beaten, and could

not again be induced to attack a beaver.

Mr. Stuart Daniels found beavers on the Sonora River, Mexico. He

also found them in abundance on the Gila River, Arizona. On the

Boundary Survey they were found on the San Pedro River and on

Babocomeri Creek, one of its tributaries in Arizona. Two trappers

whom we met at Yuma, Arizona, in March, 1894, had recently arrived

from a 200-mile trapping expedition down the Gila River. They had

shipped a number of beaver and raccoon skins taken during this trip,

but found no beavers on the lower portion of the Gila. I saw old

beaver cuttings on the Gila in the vicinity of Adonde Siding, Arizona,

in February, 1894. Residents said that there had been scarcely any

beavers on the lower Gila since the flood of February, 1891, which

washed them all out. One man told me that beavers were then (Feb-

ruary, 1894) working extensively at Mohawk, on the Gila. Beavers

were formerly found at Gila City, but had been driven out by pre-

vious floods. In the years 1893 and 1894 a colony of beavers was',

located about 12 miles below Yuma, on a lagoon of the Colorado

River. Seven of them were trapped by Mr. Smart, of our party.

Beavers are common on the Colorado, and doubtless sometimes ascend

the Salton and New river lagoons of the Colorado Desert during sea-

sons of overflowing; but we saw no signs of them at the time of our

visit away from the Colorado River in that region.

No signs of beavers were seen by us on Cajon Bonito Creek or the

San Bernardino River, terminals of the Yaqui River; but Mr. Hall,

who resided in the Guadalupe Canyon, informed me in 1892 that he

had seen their cuttings lower down on Cajon Creek; but I failed to

discover them there.
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Beaver Presence Survey of Upper Verde River
Preliminary Report by Walt Anderson
1 November 2009

Grant Project No. AZFO-090810 from The Nature Conservancy to Prescott College

Introduction.

Based on an initial proposal by Dale Turner of the Arizona state office of The Nature
Conservancy, an agreement was made with the author (Anderson) to use the person-power of his
Wetland Ecology and Management class at Prescott College to collect beaver presence data on
the Upper Verde River and to write one or more research papers on beaver ecology or
management that might help shed light on the beaver influences on the Upper Verde.

Kim Schonek, Verde River Projects manager working out of the Prescott Office of The Nature
Conservancy developed the sampling protocols and participated in some of the surveys. The ten
students who participated in the sampling were Graham Benton, Carissa Condor, Blaine England,
Felipe Guerrero, Mike Jennings, Nelson Lee, Gregory Smart, Elizabeth Sotack, David Wilson,
and August York. Walt Anderson also participated in each sampling day. Except for the first day
(when all students worked together to learn the process) and the third day (when half the class
sampled invertebrates at Campbell Ranch), the class was divided into two teams in order to cover
two segments per day.

Data were collected as follows:
A. 8/29/09. Headwaters Springs to Campbell Ranch
B: 9/1/09. Verde Ranch, Up
C: 9/1/09. Verde Ranch, Down
D: 9/3/09. Campbell Ranch, Down
E: 9/4/09. Bear Siding
F: 9/4/09. Perkinsville
G: 9/9/09. Gas Line, Up
H: 9/9/09. Gas Line, Down
I: 9/11/09. Sycamore Creek at Verde
J: 9/11/09. Verde at Sycamore Creek

From high to low in the watershed, segments (and primary ownership) were as follows (letters are
the same but are arranged by location rather than date):
A. 8/29/09. Headwaters Springs (TNC: The Nature Conservancy) to Campbell Ranch (AZGFD:
Arizona Game & Fish Department). (Campbell Ranch, a.k.a. Upper Verde Wildlife
Management Area)
D: 9/3/09. Campbell Ranch, Down (AZGFD)
G: 9/9/09. Gas Line, Up (USFS: United States Forest Service, Prescott National Forest)
H: 9/9/09. Gas Line, Down (USFS)
B: 9/1/09. Verde Ranch, Up (private)
C: 9/1/09. Verde Ranch, Down (private)
E: 9/4/09. Bear Siding (USFS)
F: 9/4/09. Perkinsville (USFS)
J: 9/11/09. Verde at Sycamore Creek (USFS)
I: 9/11/09. Sycamore Creek at Verde (USFS)

Note that some segments sampled may have crossed property lines (e.g., Verde Ranch
upstream route crossed a fence onto national forest). Permission to cross private lands was
attained in advance of sampling.



Methods.

Sampling followed established Beaver Presence Survey Protocol (to follow, so not repeated
here). GPS coordinates were taken at designated points, and mapping in the Prescott College
GPS lab was done after sampling was finished. In addition to descriptions of the start and ending
points for each reach surveyed (e.g., water and air temperature, stream width and depth, channel
type, substrate type, turbidity, riparian and aquatic vegetation, and anthropogenic sign), we
collected similar information for the first den or lodge found in each reach. We also took GPS
readings for each dam, den, lodge, or den/lodge combination we found. We also recorded
beaver chew marks by woody plant species for saplings (under 2” diameter) and trees. Since
beaver-cut trees often sprout a multitude of new stems, we did not treat sprouts emerging from a
cut trunk as saplings.

Bird surveys were conducted concurrent with the beaver surveys by Walt Anderson and Felipe
Guerrero, each working with separate teams.

Results and Discussion

Data sheets are on file with Kim Schonek of The Nature Conservancy, Prescott Office. Data
have been transcribed into Excel worksheets, and Kim has already used some of the maps and
data summaries for interpretative purposes. She and I plan to mine the data more deeply to see
what inferences may be drawn and to suggest what questions might be asked (and answered) in
the future. I will simply mention a few points here, and some additional analysis is in the paper by
Benton.

It did not take long to discover that the four miles in four hours suggested by the protocol was not
reasonable. Some surveyors had to walk the banks with varying degrees of obstruction (cliffs,
dense vegetation at times), while others had to wade (even swim) in order to look for well-hidden
bank dens (as most of them were). Recording data also was time-consuming, and some routes
had to be shortened because of threats of thunderstorms (with possible flooding). In fact, the
river experienced several flash floods right before and during our sampling period, making banks
slippery with mud and causing water to be higher and muddier than usual, which impeded our
movements. High water may also have hidden some bank dens.

We are confident that we found all dams (6), but our total of active dens/lodges (17) may have
been somewhat of an underestimate. As another measure of fresh, localized beaver activity, we
noted clusters of ten or more chew marks in a concentrated area; this suggested the possible
presence of a nearby den. If we did find a den, then the cluster factor was not recorded there.
We found 9 such clusters, suggesting that there could have been up to 26 dens in the reaches
surveyed.

How does the Verde compare with other beaver streams? Colony density for six North American
beaver streams in Alaska, California, Massachusetts, Wyoming, New Brunswick, and Minnesota
(see Gurnell 1998:170 in Benton references) ranged from 1.6 - 2.0 colonies per mile. River
density for colonies in Kansas ranged from 0.1 – 2.2. If we take our most conservative estimates
of number of Upper Verde colonies, actual dens/lodges located (17), we would have an average
estimate of 1 colony per mile. If we include dense chew clusters where dens were not located,
then the total of dens/lodges/chew clusters (26) would give us an average of 1.5 colonies per mile
of river. Either estimate (1 to 1.5) seems pretty impressive for an arid river in the Southwest. Of
course, beaver sign is not uniform along the river; there are high-density areas and low ones.
Further mining of the data may suggest possible reasons for the variation (e.g., food supply,
hydrology and geology, land uses such as grazing intensity, and so forth) that could stimulate
future question-focused research.

It is clear that beavers have significant effects on both aquatic and riparian ecosystems. Benton’s
paper on how dams affect hydrology and nutrient cycling in the Verde is particularly illuminating.



Of course, even when beavers have bank dens, they can have notable effects on local
conditions, though dams are especially important ecologically.

I personally revisited one site of intense beaver activity twice after the initial beaver surveys, and I
would like to briefly describe what I saw. Downstream from the Campbell Ranch (Game & Fish
access point), there are several bank dens and considerable beaver activity as evidenced by
chew marks, trails, stripped branches in the channel, and so forth. Further down there is a series
of three dams and ponds that may extend for close to a mile of stream. The upper dam is
relatively small, as the channel is narrow. The second dam is substantial, and many trees are
inundated in the long pool that extends all the way up to the first dam. The lower (third) dam is
perhaps a half mile downstream, but it backs water up almost to the middle dam. Rather than a
simple dam spanning the stream, it consists of many smaller dams that connect between anchor
points such as trees or spits of land. Total dam length for this meandering structure is an
amazing 351 feet. A large lodge is in the pool perhaps a hundred feet above the dam front.

When flash floods raced down the river in late August and early September, there was
considerable large debris movement that collected perhaps six feet up in trees and other
obstacles. The raging torrents also carried large sediment loads and redistributed soil, resulting
in muddy banks. I saw evidence that when the floods hit this beaver dam complex, the upper
dam suffered some breakage, but held, thus slowing the force of the flood. The second dam also
held and slowed the flood, which then was further dissipated by the long, deep pool with
considerable emergent vegetation of bulrush and cattails (some up to 15 feet tall!). In other
words, this series of three dams with pools supporting thick vegetation (especially cattails and
willows) functioned to take the punch out of the floods. We sampled a number of sites downriver
after the floods, and though we could see high water marks, we did not see significant erosion,
thanks, most likely, to beaver activities and dam architecture. As Benton notes in his paper, the
beaver ponds capture not just debris but also nutrients.

In addition to active dams, there are traces of former dams, now abandoned. Many of these had
become substrates for growth of cattails and willows, perhaps some sprouting from materials
placed in the dams by beavers. In the lower dam in the complex mentioned above, some of the
dams had short vertical hedges of Coyote Willow sprouts that had been trimmed by the beavers.
They had created a living dam of shrubby willows with anastomosing roots reinforcing the
structure and a renewable food supply!

Parts of the Verde River have steep cutbanks from erosional history. As ponds build up organic
and inorganic matter, they replace former degradation with aggradation. The abundance of
vegetation that develops in and next to the ponds further stabilizes the system.

Where the beaver ponds occur and where cattle grazing is limited or absent, extensive marsh
vegetation develops. Cattails colonize easily, as their airborne seeds disperse widely. Once
established, cattails clone by means of spreading rhizomes. Where depths are suitable and
erosion minor, cattails and bulrushes form dense thickets. The beaver ponds provide them with
relatively stable water levels even during the dry seasons. The plants are also resistant to flash
floods, partly because they bend over to let the flood waters pass over them without damage and
because the submerged rhizomes sprout if exposed leaves do get torn away. Floating debris
gets caught in emergent aquatic plant thickets, as well as in willows, cottonwoods, and other
riparian plants, and all this structure further slows the forces of floods and helps build soil.

Beavers have been known to reduce tree cover by cutting larger trees down, but this is partly
offset by the sprouting of cottonwoods and willows; beavers can thus change tree structure by
favoring smaller stem diameters. While one might expect a large pond complex like we found to
have much-reduced density of large trees, most of the larger trees were not harvested. I believe
this is because the ponds create such extensive cattail and bulrush beds and perhaps sources of
other edible aquatic plants, and sprouting willows provide plenty of high quality food requiring less
harvest effort than do large trees.



The extensive tree growth in and around the beaver ponds tends to produce considerable shade
and a source of allochthonous material (energy) into the stream ecosystem. The diversity and
structure further attract birds and other organisms, creating biotic hot spots. On a visit to the
ponds on 10/22/09, I saw bear, otter, and elk sign; a Cattle Egret and an American Coot (neither
likely on river stretches without the beaver ponds); and almost all of the Marsh Wrens and Song
Sparrows seen that day.

Though beavers are not likely to be seen by a group of people in daylight, we did see two
swimming beavers in Sycamore Creek and found a dead, decaying beaver at the Verde Ranch.

Bird species lists for each site follow the protocol pages. I suggest that intensive bird surveys
comparing areas of beaver activity with areas without might further support the suggestion that
beavers create biological hotspots.

Student Research Papers

The following are papers written by students during this Wetland Ecology and Management class.
All students submitted their papers to two peers for review, then also received comments from the
instructor. Two students who participated in the beaver surveys had not submitted finished
papers at the time of this report. The relevance of these papers to the beaver study are roughly
in descending order below.

Graham Benton: The Effects of Beaver Dam Construction in the Southwest on the Hydrology and
Nutrient Cycling of Riparian Ecosystems, with a Focus on the Verde River

David Wilson: Bridge Creek Basin Restoration Facilitated by Beaver as a Model for Upper Verde
River Management

Elizabeth Sotack: The Effect of Beaver-Otter Relationships on Native and Non-Native Fish
Species in the Verde River, Arizona

Gregory G. Smart: Anthropogenic Change and Invasive Species Impacts on Native Fish
Populations in the Verde River, Arizona

Mike Jennings: Impacts of Bullfrog on the Native Rana Species of the Southwest and Subsequent
Mitigation Possibilities

Nelson Lee: Conservation Efforts on the San Pedro River

Felipe Guerrero: Biological and Ecological Impacts of Recreational Fishing: Angling Pressures
on Target Species and Aquatic Ecosystems

August York: Wetland Construction

Collection of Beaver-related Papers

I have collected a number of potentially useful references for the benefit of anyone who continues
to work with this or subsequent data sets.

Riparian Trees of the Verde River Field Guide by Walt Anderson (donated to TNC)

Photographs of study reaches, students, and organisms by Walt Anderson (donated to TNC)



Verde River Navigability Determination
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ATTACHMENT F

Irrigation Return Flow Data



Verde River Navigability Determination

Diamond S November 2008 to May 2010 26.25 15.10c 58 pp.125,127

Eureka October 2008 to May 2010 9.13 3.70 41 pp.122,124

OK March 2009 to May 2010 16.37 6.22 38 pp.121,123

Verde May 2009 to May 2010 26.35 8.38 32 pp.124-126

78.10 33.40 43 ---

Notes:
a cfs = cubic feet per second.
b Does not include infiltration beneath irrigated fields and along ditches that returns to the Verde River as baseflow.
c Calculated based on Ross' statement that, on average, 11.15 cfs diverted into this ditch does not return to the river.

Total:

ATTACHMENT F. ROSS (2010) DIVERSION AND RETURN FLOW DATA FOR VERDE
VALLEY IRRIGATION DITCHES

PAGE

REFERENCE
DITCH MEASUREMENT PERIOD

AVERAGE

DIVERTED

FROM VERDE

RIVER INTO

HEAD GATE

(cfs)a

AVERAGE

DIRECTLY

RETURNED

TO VERDE

RIVER (cfs)a,b

PERCENT

DIVERTED THAT

DIRECTLY

RETURNED TO

VERDE RIVER

Plateau Resources LLC September 2014





1.3.2 Ditch systems overview 
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Figure 8 - Verde Ditch head gate and spillway. Initial spillway is on right side of 
picture, while the head gate is on the lower left side. Note the large percentage of flow
that the spillway is returning to the river. Blue arrows indicate flow direction.
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Eureka Ditch
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Figure 9 - Location map of Eureka Ditch diversion and head gates, Camp 
Verde, central Arizona. The first major spillway in on the ditch before the 
head gates control flow diverted into the ditch proper. Red arrow is diversion,
and yellow arrow is location of head gates.
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Figure 10 - Location map of Eureka Ditch return flow to Beaver Creek, Camp
Verde, central Arizona. Red arrow is return location.
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OK Ditch

Diamond S Ditch 
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Figure 11 - Location map of OK Ditch diversion and head gates, Camp Verde,
central Arizona. First major spillway of ditch is above headgate control structure.
Red arrow is diversion location, and yellow arrow is head gate location.
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Figure 12 - Location map of OK Ditch return flow to Verde River, Camp Verde,
central Arizona. Terminal spillway contributes discharge to Eureka Ditch system 
above first water user. Red Arrow is top of terminal spillway.
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Figure 13 - Location of Diamond S Ditch diversion and head gates, Camp Verde,
central Arizona. Red arrow is diversion structure, and yellow arrow is head gate
structure. Initial spillway is directly above the head gates.
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Verde Ditch
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Figure 14 - Location map of Diamond S Ditch return flow to Verde River, Camp
Verde, central Arizona. Red arrow is return flow.
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Figure 15 - Location map of the Verde Ditch diversion and head gates, Camp
Verde, central Arizona. Red arrow is diversion structure, and yellow arrow is 
headgate. Large initial spillway is directly above head gate structure. Black
triangle is gap in aerial photo coverage.
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Figure 17 - Location map of Verde Ditch main return flow to Verde River, Camp 
Verde, central Arizona. Red arrow is main return flow.
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2.2.2 Channel survey

2.2.3 Ditch flow instrumentation
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Figure 27 - Example of pressure transducers deployed at headgates and return
flows of Camp Verde area irrigation ditches. Model shown is Level Troll 900, 
InSitu LLC, Ft. Collins, CO.
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Figure 28 - Example of pressure transducer deployed at head gate of the Eureka
Ditch, Camp Verde, central Arizona. This deployment is down the ditch from the
head gates, and is above the first water user. This site is located within a concrete
weir, and the site is also utilized by Salt River Project (SRP) as a gauging station.
Blue arrow indicates flow direction.
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Serial # Unit designation Location Tolerance Software
132535 Level Troll 500 Diamond S head 5 psi WinSitu 5
134774 Level Troll 500 Diamond S return 5 psi WinSitu 5
120789 Level Troll 700 OK head 30 psi WinSitu 5
120797 Level Troll 700 OK return 30 psi WinSitu 5
18532 miniTroll 900 Eureka head 15 psi WinSitu 4
18432 miniTroll 900 Eureka weir 15 psi WinSitu 4
18478 miniTroll 900 Eureka return 15 psi WinSitu 4

136732 Level Troll 500 Verde head 5 psi WinSitu 5
120802 Level Troll 700 Verde return 30 psi WinSitu 5

Table 8 - Summary of pressure transducer type, tolerance, interface software, serial
number, and deployment location
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2.2.4 Elevation model
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Site Measurement date Measured Stage (ft) Calculated Stage (ft) Percent difference
OK headgate 6/1/2009 1.75 1.580 0.10

6/24/2009 1.55 1.580 (0.02)
8/11/2009 1.8 1.820 (0.01)
9/28/2009 1.7 2.130 (0.25)

11/11/2009 2.41 2.820 (0.17)
Site Average 1.84 1.99 (0.08)
OK return 6/1/2009 1.5 1.300 0.13

6/24/2009 1.21 1.210 0.00
8/11/2009 1.27 1.210 0.05
9/28/2009 0.8 0.970 (0.21)

11/11/2009 1.52 1.440 0.05
Site Average 1.26 1.23 0.03
Eureka headgate 9/30/2008 1.134 1.134 0.00

10/28/2008 1.144 1.144 0.00
6/24/2009 1.226 1.230 (0.00)
9/21/2009 1.457 1.457 0.00
9/28/2009 1.361 1.361 0.00

10/22/2009 1.338 1.338 0.00
Site Average 1.28 1.28 (0.00)
Eureka return 6/24/2009 0.9 1.009 (0.12)

8/11/2009 0.85 1.070 (0.26)
9/21/2009 1.4 1.290 0.08

10/22/2009 1.36 1.400 (0.03)
5/9/2010 1.59 1.501 0.06

Site Average 1.22 1.25 (0.03)
Diamond S headgate 11/25/2008 3.2 2.620 0.18

6/1/2009 2.791 2.897 (0.04)
9/28/2009 3 3.110 (0.04)

10/22/2009 3.24 3.290 (0.02)
5/9/2010 2.84 2.690 0.05

Site Average 3.01 2.88 0.04
Diamond S return 11/25/2008 1.2 1.730 (0.44)

6/10/2009 1.3 1.520 (0.17)

Table 9 - Comparison of simulated stage to measured stage
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Table 9, continued

9/21/2009 1.4 1.450 (0.04)
10/22/2009 0.92 1.100 (0.20)

5/9/2010 1.31 1.400 (0.07)
Site Average 1.23 1.44 (0.17)
Verde headgate 6/8/2009 2.6 2.360 0.09

8/3/2009 1.8 1.807 (0.00)
9/28/2009 1.8 1.737 0.03

10/22/2009 1.4 1.490 (0.06)
5/9/2010 2.1 1.936 0.08

Site Average 1.94 1.87 0.04
Verde return 6/8/2009 0.48 0.522 (0.09)

8/3/2009 0 0.053 0.00
8/12/2009 0.4 0.440 (0.10)
9/21/2009 1.3 1.420 (0.09)

10/22/2009 1.4 1.720 (0.23)
5/9/2010 0.7 0.959 (0.37)

Site Average 0.71 0.85 (0.19)
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Instrument location Correction curve R2 error for correction curve
y=0.7196x+0.899 0.0825
y=2.2035x-1.371 0.0591
Null 0
y=x-9.099 0.0017
y=0.8864x+0.4258 0.0147
y=-0.2364x+(1.7591) 0.0009
y=3.4188x-0.7974 0.0017
y=0.8896x+0.0366 0.0298
Rating curve R2 error for discharge rating curve
y=0.2238x-0.0298 0.0669
y=0.1756x-0.0234 0.0736
y=0.2667x 0.041085
y=0.1062x-0.0331 0.1137
y=0.2521x 0.0051
y=0.4201x-0.0005 0.0005
y=0.448x+0.0113 0.0096
y=6.2832x 0.0405
Systemic error in instrument Propagated error

0.05 0.1174
0.05 0.1068
0.05 0.0647
0.05 0.1242
0.05 0.0524
0.05 0.0500
0.05 0.0509
0.05 0.0709

Table 11 - Rating curve equations and R2 error propagation
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4.1.1 Instrumentation

79



Figure 31 - Location map of  deployed 
Yellow points indicate instrument 

placement, and coverages representing Interstate 17, Verde River, and tributaries 
are included for spatial reference.
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Figure 32 - Pressure transducer installed at Eureka Ditch , Camp Verde, 
Arizona. Shortly after this location, flow is returned to Beaver Creek.
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Figure 33 - Pressure transducer installed at OK Ditch Camp Verde,
Arizona. This location is about 10 yards downstream of the initial major 

spillway returning flow to the Verde River.  Blue arrow indicates flow direction.
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Figure 34 - Pressure transducer installed at OK Ditch Camp
Verde, central Arizona. This outlet is next to Grandpa Wash, which contributes
some of the OK return flow to the Eureka Ditch.
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Figure 35 - Pressure transducer installed at Diamond S Ditch Camp 
Verde, central Arizona. This concrete weir is directly at the headgates of 
the ditch, and is directly downstream of a major spillway returning significant
flow to the Verde River.
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Figure 36 - Pressure transducer installed at Diamond S Ditch  Camp 
Verde, central Arizona. This culvert is directly downstream of the final flow 
diverted from the ditch into a storage tank.
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4.1.2 Rating curves

4.1.3 Stage correction
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Figure 37 - Pressure transducer installed at Verde Ditch head gate prior to high-flow
displacement, Camp Verde, central Arizona. Instrument was recovered after August 
2009 floods and relocated to river left side of structure. Blue arrow indicates flow 
direction.
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Figure 38 - Pressure transducer installed at Verde Ditch
Camp Verde, central Arizona. Current location of transducer (pictured) 

is on rive left side of headgate structure.
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Figure 39 - Pressure transducer installed at Verde Ditch  Camp
Verde, central Arizona. Location is downstream of terminal water user.
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4.1.4 Discharge estimation

4.1.5 Data simplification
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Figure 40 - Example cross section of velocity/area calculation of SonTek
flowmeter easurement taken using 6/10  method at OK headgate.
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7.1.1 Ditch instrumentation

OK Ditch
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Eureka Ditch

Verde Ditch
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Figure 53 - Discharge and return flow of the OK Ditch, Camp Verde, central Arizona.
Black arrow shows ditch closure, and white arrow shows resumption of operations.
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Figure 54 - Discharge and return flow of the Eureka Ditch, Camp Verde, central 
Arizona. Black arrows show ditch closure, and white arrows show resumption of 
operations.
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Diamond S Ditch
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Figure 55 - Discharge and return flow of the Verde Ditch, Camp Verde, central 
Arizona. Black arrow shows ditch closure, and white arrow shows resumption of 
operations. Solid black line is diverted flow, and dashed black line is returned flow.
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Figure 56 - Discharge and return flow of the Diamond S Ditch, Camp Verde, central 
Arizona. Black arrows show ditch closure, and white arrows show resumption of 
operations. Solid black line is diverted flow, and dashed black line is returned flow.
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7.2.1 Implications of ditch instrumentation

7.2.2 Implications of model output

Discussion of changing management strategies
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Effects of ditches on river flows
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